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1 Introduction

The test program NIO3 is the third and last part of the test series aimed at the study of the
axial group pile behavior of helix piles in sand using the centrifuge modeling technique.
The specific objectives of the test series are: 1) Implement a group loading mechanism
followed by axial loading on the grouped pile; 2) Investigate the effect of helices and batter
angle on the axial responses within the group piles; and 3) Investigate the effect of the
group on the axial load distribution and internal load transfer mechanism within the piles.

All the model piles and pile caps were fabricated with aluminum. In general, there are two
pile types, designed as P3 for the helix pile and PO for the smooth pile. The P3 is a double
helix pile with the inter helix spacing ratio of 2.5 times the helix diameter. The shaft
diameter, d, was kept 12.7 mm (0.5 in), the helix diameter, D, was 38.1 mm (1.5 in), and
the embedment of the piles was 150 mm. The pitch of a helix defined as the opening size
of the helix of 12.7 mm was set to be scaled from the pitch size of a prototype pile at 190.5
mm. Table 2 lists the dimensions of all the model piles. Fig. 1 shows the schematics of the
model piles. The dimensions were determined from prototype piles in practice.

Three types of pile groups of four and two were fabricated that varied in battering of angles
(B=0°, 10° and 20°) of piles in the cap The design of pile caps with provisions to test for
variable spacing and batter angles is detailed in Appendix A.

Four separate model soil box was prepared with silica sand (Sil-3) supplied by Sil Industrial
Minerals in Edmonton, Alberta. The model sand box was freshly prepared each time for
testing with air pluviation of sand using a portable travelling pluviator (PTP). The relative
density of the deposited sand was estimated from the developed calibration chart relating
to the height of fall of sand in the model box and later verified with small container method.
Axial and Bending strain gauges were installed separately at various sections of the
consecutive piles in a group to measure the axial load and bending moment distribution
over the pile length. The piles were preinstalled 1 g level and later pluviated with sand.
Hence, at the centrifuge setup, each of the pile groups were spun and loaded in monotonic
compression inflight at 15 g scale units upto a normalized axial displacement of 10% of
the helix diameter (for P3) or 20% of the shaft diameter (for P0); to assess the ultimate load
capacity and bending moment of each pile in the group. It is to note that, the prior test
series (NI01 and NI02) on single helix piles were tested at 20 g scale units. However, at 20
g scale, the group battered pile could not be tested due to exceedance of the capacity of the
loading actuator gear motor. The readings were measured using an HBM Data Logger
MX1615 B and later read through the computer program CATMAN.

Table 1. Dimensions of the model piles

Pile Code | Number of helices | S(mm) | S/D | L(mm) | d (mm) | D (mm) | P (mm)

PO 0 N.A. | N A
P3 ) 952 25 258 12.7 38.1 12.7

Note: S = spacing of two helices; d = shaft diameter; D = helix diameter; P = pitch of helix.
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Figure 1. Schematic Diagram of the Model Helical Piles: (a) Smooth pile, PO and (b) Helix
pile, P3.

Tests were conducted on the 2-m- radius Broadbent centrifuge at UAlberta. Model scale
factors of the analyzed parameter are listed in Table 2.

Table 2. Selected scale factors (prototype/model) of centrifuge modeling tests

Term Force Dimension Stress
Scale Factor 225 15 1

2 Centrifuge Testing Program

2.1 Test matrix

Figure 2 shows the test layout plan and cross sections for NI03. It is divided into four parts,
NI03a, NI03b, N103¢, and NI03d. Table 3 provides a summary of the test matrix. In NI03a,
monotonic compression loads were applied on two groups of four piles where the first
group consists of four-helix piles (4P3S3B0) with pile spacing (s/D =3) and batter angle (
= 0°) and in the second group four smooth piles (4POS3B10) with pile spacing (s/D =3 or
s/d = 9) and batter angle (B = 10°). The batter angles were set from the current industrial
practices of helical pile grouping, with recommendations from the industrial partner and
past studies.

In NI03b, monotonic compression loads were applied on two groups of four piles where
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the first group consists of four-helix piles (4P3S2B0) with pile spacing (s/D =2) and batter
angle (B = 0°) and in second group four-helix piles (4P3S3B10) with pile spacing (s/D =3)
and batter angle (f = 10°).

In NI03c, monotonic compression loads were applied on one groups of four piles and one
group of two piles, where the first group consists of four-smooth piles (4P0S2B10) with
pile spacing (s/D =2 or s/d =6) and batter angle (B = 10°) and in the second group two piles
(2P3S2B20) with pile spacing (s/D =2) and batter angle (B = 20°).

In NI03d, monotonic compression loads were applied on one groups of four piles and one
group of two piles, where the first group consists of four-helix piles (4P3S2B10) with pile
spacing (s/D =2) and batter angle ( = 10°) and in the second group with two-helix piles
(2PS3B20) with pile spacing (s/D =3) and batter angle ( = 20°).

n
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Silica Sand % Silica Sand S Silica Sand 2 Silica Sand

L°8
H Loading Ram Q LVDTS [ Strain Gauges © Smooth vertical pile @ Helix pile % Battered smooth pile @)\}Battered Helix pile Unit: mm

Figure 2. Centrifuge Test Layout plan: (a) NI03a; (b) NIO3b; (c) N103c; (d) NI03d; Cross-
sectional profile at (e) A-A section; (f) B-B section; (g) C-C section and (h) D-D section.
All dimensions are in model scale.
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Table 3. Summary of test matrix for NI03 series

Number of piles Number of Number of
Test Plan Test ID* in groups Instrumented Soil Model
Piles in Group Boxes
4P3S3B0 4 3
NIO3a 1
4P0S3B10 4 3
4P3S2B0 4 3
NI 1
03b 4P3S3B10 4 3
4P0S2B10 4 3
103 2P3S2.8B20 2 2 !
4P3S2B10 4 3
NIO3d 2P3S4.2B20 2 2 !

*Note: The group piles are designated as GPXSYBZ, where, G = number of pile in the group, P = pile,
X = pile type number, S = spacing of two helices with respect to helix diameter, Y = pile spacing with
respect to helix diameter, B = Battering of Piles, Z = value of Batter angle.

2.2 Soil Properties

The model test was performed upon dry silica sand (Sil-3) supplied by Sil Industrial
Minerals in Edmonton, Alberta. The geotechnical properties of Sil-3 sand are summarized
in Table 4. The minimum and maximum density of the Sil 3 sand was measured following
ASTM D4254-16 and ASTM D4253-16el respectively. The tested particle size distribution
(PSD) of Sil-3 sand is shown in Fig. 3. From the PSD, the estimated, dso = 0.29 mm, C, =
1.5 mm and C. = 1.08 mm, indicates uniform distribution of grain sizes. As per Schiavon
et al. 2016, effective model sand for centrifuge test of helix piles should carry uniformly
distributed grain sizes, should not contain a lot of fine sand dust and maintain the ratio of
the effective helical radius of the model helix piles (7) to the average grain size (dso) of the
sand, 7/ dso greater than 58. Hence, for Sil- 3 as model sand, the 7, of the model piles was
kept greater than 16.82 mm (discussed in the following section). The direct shear test on
the Sil-3 sand is shown in Fig. 4. Table 5 shows the estimated parameter for the direct shear
test.

Table 4. Geotechnical properties of model silica sand

Term Value

Specific Gravity (Gs) (Correlated) 2.65
Average Bulk density (p), Mg/m? 1.61
Constant Volume Friction angle (@), ° 31.7
Maximum Dry Density (pmax), Mg/m? 1.73
Minimum Dry Density (pmin), Mg/m3 1.52
Minimum void ratio (€min) 0.53
Maximum void ratio (€min) 0.74
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Figure 3. Particle size distribution of model silica sand.
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Figure 4. Direct Shear test results on Sil 3 Sand (strain rate: 0.76 mm/min).
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Table 5. Estimated Shear Strength parameters of Sil 3 sand from the direct shear test

Cohesion intercept condition Estimated c'and ¢’
¢’ =0kPaand ¢’ = 38.7°

ctpy = 0 kPa and @/, = 31.2°

¢’ =6.2kPaand ¢’ =37.9°
¢y = 5.9 kPa and ¢, = 30.8°

With zero intercept for cohesion

Without zero intercept for cohesion

2.3 Soil model construction

The soil model was constructed in an aluminum container. The container measures
internally, 709.2 mm (length), X300 mm (width) X 400 mm (height) with wall thickness
> 30 mm. The box was designed for a maximum centrifugal acceleration of 50 g scale unit.
To reduce the gross weight in-flight, all the walls were made of aluminum. The model sand
deposition was controlled with a portable traveling pluviator (PTP) setup to allow uniform
density deposition of sand at each layer in the model box.

1T~ Sand Barrel

Flexible tube

Mesh opening

=—Model Box

Figure 5. Portable traveling sand pluviator setup.

Figure 5 shows the various components of the portable travelling pluviator (PTP) setup for
the Sil-3 sand deposition in the model box. The configuration of PTP is similar to the
stationary/portable travelling pluviator (PTP) as reported in literature (e.g. Dave and
Dasaka 2012, Gade and Dasaka 2016, Hakhamaneshi et al. 2016 and Taeseri et al. 2018).
The height of fall and the mesh size can be adjusted to control the density of the sand in
the model box. The PTP was used to calibrate the Height of Fall against the relative density,
varying the deposition height between 110 -150 mm and changing the mesh size opening
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for 5 mm and 100 mm. Figure 6 shows the calibration assembly for the PTP using a density
mould.

Air Pluviator

A . Y . e

Figure 6. Calibration Assembly for the Portable Travelling Pluviator

Figure 7 presents the calibration chart developed to ascertain the relationship between the
relative density of sand with the height of fall of sand from the PTP to the model box for
mesh openings of 5 mm and 10 mm, respectively. The height of fall varied between 110
cm to 150 cm to deposit the sand in a density mold. Later, the relative density of sand for
each calibration test was determined. As observed in Fig. 7, the relative density ranged
between 72 to 100 % for 10 mm mesh opening and 46 to 86 % for 5 mm mesh opening.
For test NIO1, the relative density was fixed at 55%, which corresponds to a height of fall
of 114 cm at the PTP. Figure 8 shows the schematic of the plan view of the model soil box
showing the path of motion of the PTP during preparation of the sand bed.
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Figure 7. PTP calibration chart for the relationship between the relative density of sand
with Height of fall for two mesh openings.
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Figure 8. Plan view of plain strain model box showing path of sand Pluviation.

Figure 9 shows the photos of sand pluviation in the model box. The quality of deposition
of sand in the model box was verified using the small container method (see Choi et al.
2010 and Tabaroei et al. 2017). A total of 12 small containers (four in each layer) were
selected to estimate the density on it along the course of travel of the PTP maintaining a
uniformity in the height.

10
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5 o R SRR 47,
(c) Side view of the preinstalled piles in the box (d) Side view of ongoing pluviation with sand filling

Figure 9. Pluviation of sand in the model box.

The average relative density was measured from the weight of the strong box before and
after the pluviation of sand (see in Table 6). The measured average relative density was
53.5% for an average soil bulk density of 1.62 gm/cm?.

Table 6. Deposition density of sand in the model box

Measured Quantities NI03a NI03b NI03c NI03d
Weight of empty strong box (kg) 133.0 133.0 133.0 133.0
Weight of strong box + sand (kg) 226.0 225.0 224.0 225.5
Weight of two pile cap and piles (kg) 5.0 5.0 5.0 5.0
Volume of sand in model box (m?) 0.1 0.1 0.1 0.1
Density (gm/cm?) 1.64 1.62 1.60 1.63
Relative Density (%) 61.1 52.5 43.6 56.8

11
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2.4 Model Pile Instrumentation

In the present research, model piles (shown in Figure 10) are instrumented with axial and
bending strain gauges for measuring the internal axial forces and bending moments during
pile group loading tests. The gauge CEA-13-062UW-350 were ordered from the supplier
Terracene International (made by Micro Measurements VPG) that are universal general-
purpose type with strain ranges of = 3%. Fig. 11 shows the configuration of the gauge.

@ pg (b p3 (c)
i

Epoxy

N
m
g
<
oS
()
©
Q.

A A SG
L2 f L4 % W
1 L3 A-A
i
[ =3.5D L2

S§=2.5D

.5D
L1 L L1

Figure 10. Location of Instrumentations on the model piles: (a) PO; (b) P3; (c) Cross section
at the instrumentation location and (d) Photos of Instrumented piles.

As per the precision Strain Gauges handbook from the supplier, the terminologies: CEA
indicates Universal general purpose strain-gages. Constantan grid completely encapsulated
in polyimide, with large, rugged copper-coated tabs. The following number 13 (Item a) or
06 (Item b) designates the approximate thermal expansion coefficient in ppm/°F of the
structural material on which the gage is to be used. The following number, 062 designates
the active gage length in Mils [0.001 in (0.0254 mm)]. UW or UV stands for grid and tab
geometry and the number at the end indicates the resistance in Ohms.

For both axial and bending strain measurement, a half Wheatstone bridge circuit consisting
of two active single gauges will be adopted. The gauge model is CEA-13-062UW-350. The
gauges are placed on two grooves cut into the pile shaft. The active gauges are wired to
two dummy gauges on the data acquisition box. The locations of strain gauge stations are
determined with the consideration of anticipated load distribution, so that the axial load
transfer mechanism along the shaft and helical plates can be inferred.
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Figure 11. Strain Gauge, CEA-13-062UW-350

The arrangement of the approximate locations of the strain gauges are presented in Figure
12. In order to protect the strain gauges from any potential damages from moist invasion
or physical abrasion, especially for these axial gauges embedded in soil, the following
techniques are adopted:

e Two grooves, 5 mm wide and 4.75 mm deep, were excavated along the shaft on the
opposite sides.

¢ Axial or bending strain gauges were then glued to the bottom of the grooves. To prevent
moisture attack and electric leakage, the strain gauges were covered with VPG M-B
coating and Teflon tapes, and then the grooves were carefully filled with epoxy (shown
in Fig 12 a)

e The surfaces of the cured epoxy were eventually smoothed with a sanding tool and
polished with soft cloth.

The summary of instrumentation on the model piles are shown in Table 7. Calibration of

the strain gauges were performed using the HBM data logger MX 1615B to convert the
electronic signals into engineering units. The analyzed results and setup for calibration are

presented in Appendix B.
Epoxy Fill
Teflon T
Excavated slot _ %Jggogﬁ;

in pile body Strain Gauge m_ Strain Gauge
\ o \ Strain Gaug? Wirings

-~y

-

-

N

Figure 12. Approximate locations of strain gauge stations and protection technique.

13
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Figure 13 presents the Wheatstone bridge connections for the axial and torque strain gauges
as in the model connection assembly.

(a) (b)
R SG
Ein EO E

Figure 13. Half bridge circuit for (a) axial strain measurement and (b) bending strain
measurement, where SG = axial strain gauge on pile shaft and R = complementary resistor
embedded in the data logger.

5

Table 7. Summary of Instrumentation on the pile groups

Pile Group | Number Axial Strain Gauges Number Bending Strain Number of
ID* per instrumented pile Gauges per instrumented pile LVDTs

4P3S3B0 8 16 2
4P0S3B10 4 8 2
4P3S2B0 8 16 2
4P3S3B10 8 16 2
4P0S2B10 4 8 2

2P3S2.8B20 8 8 2
4P3S2B10 8 16 2

2P3S4.2B20 8 8 2

*Note: The group piles are designated as GPXSYBZ, where, G = number of pile in the group, P = pile,
X = pile type number, S = spacing of two helices with respect to helix diameter, Y = pile spacing with
respect to helix diameter, B = Battering of Piles, Z = value of Batter angle.

Figure 14 shows the locations of the LVDT instrumentation for measuring the relative
rotation of the pile cap with respect to the center cap.

14
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Figure 14. (a) Locations of the two Laser LVDTs (L1 & L2) on the pile cap; (b) Top view
of the LVDT placement; (c) Side view of the LVDT placement; (d) Inclined view of the
LVDT illuminating lasers over the definite locations on the pile cap.

2.5 Fabrication of Pile caps

Figure 15 shows the schematics and photo of the designed and fabricated model pilecaps.
Appendix A shows the detail dimension and photos of the pilecaps. The pilecaps were made
of Aluminum. The mass of each of the caps was 2 kilograms. The size and thickness of the
pilecaps were designed to support a maximum of four pile groups in the model box.
Appendix A contains further details on the dimensions of the individual pile caps for
accustoming batter pile groups at different pile spacing. Provisions were also made on the
pilecaps to accustom a semicircular gap on all four sides to provide spaces for the sand air
Pluviation on the model box.

15
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Loading Arm

Battered Helix Pile

Figure 15. Batter Pile Group (a) Schematic Representation (b) Fabricated Model.

2.6 Centrifuge Model Box Configuration

Figure 16 shows the model assembly on the centrifuge with its various components. Figure
17 shows the schematics of the assembly and connection assembly to the control room for
imposing loading and data logging.

16
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(@)

Dual Axis Electric Actuator

—Actuator Carriage

—Centrifuge Beam

Strain Gauge wirings
Model piles

)
Connector from actuator to the loading arm

Pilecap loading arm

Connector from loading arm to the pile cap

Bolt connection holes for piles to pilecap

Battered model pile

Strain gauge wiring

Figure 16. Centrifuge Model Assembly (a) Side view of the Loading Assembly; and (b)
Side view of the preinstalled pile cap inside the model sand box.

17
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Centrifuge Carriage

Figure 17. Schematic of Centrifuge Model Assembly.

3 Test and Loading Sequence

The test and loading sequence were arranged based on the test matrix. In the test sequence,
the actions at each day with the time and date were recorded and presented in a tabular
format. Table 8 shows the test sequence for NIO3 test series.

Table 8. Test sequence for NI03 centrifuge model tests

Day Count Date Work/St Action
29 Nov 23 . o .
1 1 Air pluviation of sand in model box for NI03a
Wednesday
) 30 Nov 23 2 Lowering of model box in the swinging table and loading setup
Thursday arrangement
3 1 Dec 23 3 Monotonic Compression tests on pile caps in NI03a and
Friday Uplifting of model box for N103b.
4 4 Dec 23 4 Clear of sand from the model box and air Pluviation of sand in
Monday model box for NI03b

18
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Day Count Date Work/St Action
5 5 Dec 23 5 Lowering of model box in the swinging table and loading setup
Tuesday arrangement
6 6 Dec 23 6 Monotonic Compression tests on pile caps in NI03b and
Wednesday Uplifting of model box for NI03c.
7 7 Dec 23 7 Clear of sand from the model box and air Pluviation of sand in
Thursday model box for NI03c
3 8 Dec 23 3 Lowering of model box in the swinging table and loading setup
Friday arrangement
9 11 Dec 23 9 Monotonic Compression tests on pile caps in NI03c¢ and
Monday Uplifting of model box for NI03d.
10 12 Dec 23 10 Clear of sand from the model box and air Pluviation of sand in
Tuesday model box for NI03d
1 13 Dec 23 1 Lowering of model box in the swinging table and loading setup
Wednesday arrangement
12 14 Dec 23 12 Monotonic Compression tests on pile caps in NI03d and
Thursday Uplifting of model box.
15 Dec 23 Bringing the model box up, Clear sand from the model box,
13 . 13 . . .
Friday retrieving all data, and test completion preparation

Each of the pile caps were installed at 0.76 mm/min at 15 g-level up to a maximum
normalized displacement of 10% of the helix diameter or 20% of the shaft diameter.

4 Recorded Data

The data was recorded in HBM Data Logger and arranged on the folder titled Centrifuge
Test NI03 in the format shown in Table 9.

Table 9. Organization of data files

Test ID Data file Description
NIO3 4P3S2B0 | 1 Data Sheet Test NIO3 ver2 4P3S2B0 | Test result for Pile group 4P3S2B0
NI03 4P3S3B10 | 2 Data Sheet Test NI0O3 ver2 4P3S3B10 | Test result for Pile group 4P3S3B10
NI03 4P0S3B10 | 3 Data Sheet Test NI03 ver2 4P0S3B10 | Test result for Pile group 4P0S3B10
NIO3 4P3S3B0 | 4 Data Sheet Test NIO3 ver2 4P3S3B0 | Test result for Pile group 4P3S3B0
NI03 4P0S2B10 | 5 Data Sheet Test NI0O3 ver2 4P0S2B10 | Test result for Pile group 4P0S2B10
NI03 2P3S2B20 | 6 Data Sheet Test NIO3 ver2 2P3S2B20 | Test result for Pile group 2P3S2B20
NI03 4P3S2B10 | 7 Data Sheet Test NI0O3 ver2 4P3S2B10 | Test result for Pile group 4P3S2B10
NI03 2P3S3B20 | 8 Data Sheet Test NIO3 ver2 2P3S3B20 | Test result for Pile group 2P3S3B20

5 Processed Results

The results for individual pile groups are processed in MATHCAD and are presented in
details in Appendices C-J.

6 Limitations

The following limitations can be noted from the series of tests:
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I. The piles in the pile groups were wished-in-place. Hence, the sand air pluviation
was conducted specifying the location of all the piles and pilecaps in the model box.
2. The pile groups were targeted to be tested at 20 g scale units. However, due to the

exceedance of the actuator gear motor capacity, the pile groups could not be installed at 20
g but rather installed at 15 g scale units. Moreover, the 20° battered pile groups exceeded
the capacity of the actuator even at 15 g scale units; hence, the number of piles were
reduced from four to two for two of the pile groups with 20° battered angles.

Limitation on the Gear Motor for Pile Installation: The specified maximum gear motor
continuous torque was 16 N-m with a gear head efficiency of 70% that leads to a torque
value of 11.2 N-m. Even at 1g, all of the piles reached the maximum capacity at about
halfway distance within the pile installation. For example, for the P3 pile, the estimated
maximum torque at 1 g (in model scale) was about 20.54 N-m and at 20 g (in prototype
scale) was about 164.3 kN-m (Detailed in Appendix K). A larger gear motor than can
provide the required torque was again beyond the present accommodation capacity of the
centrifuge assembly. In such a case, the feasible solution for pile installation should be the
use of a hydraulic gear motor.

Limitation on the Load-Actuator Capacity: The specified maximum load bearing capacity
of the actuator was 10 kN at the model scale. Hence, with an operating efficiency at 80%
leads to the maximum capacity of 8 kN at the model scale. Hence, when four P3 piles in a
group was axially compressed at 20 g scale units the estimated axial capacity per pile was
2.5 (=1000 kN/202) kN in the model scale. Hence for all four piles it stands at 10 kN> 8kN.
Analytical calculations at 15 g scale units leads to estimated axial capacity of 1.78 (=
400/152) kN in model scale and for all four its 7.11 kN < 8 kN operational capacity of the
actuator, leaving a marginal difference of the operational capacity of only 0.9 kN at the
model scale. Hence, later, the pile groups could be successfully compressed at 15 g scale
units. Moreover, with the increase in the batter angles of the piles, an increase in the lateral
resistance occurred leading to greater bearing zones around the helix locations of the piles.
Therefore, for two of the pile groups with 20° battered piles the number of piles had to be
reduced from four to two pile groups.

7 Summary

NIO3 centrifuge test series consisted of testing eight pile groups in four individual model
boxes for ascertain the pile group axial capacity and bending moments on the piles for
varied battered angles and spacing. Both smooth and double helix piles were tested in either
groups of four or two at the GeoCERF Centrifuge facility at the University of Alberta. The
pile groups were pre-installed in dry Sil-3 sand. Appendix C-J presents the results from the
centrifuge tests for all the tested model pile groups. The appendices summarize the test
results for the axial load capacity and the bending moments over the course of axial
displacement of the group and the pile depth. Hence, the internal load transfers along the
pile shaft is plotted.
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The results presented here are from the third phase of the series of centrifuge tests of helical
pile research in the sand at the University of Alberta. The tests were conducted recently
and are therefore considered preliminary for the current stage. Detailed interpretation will
be presented in the following report or publications.
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Appendix A
Schematics and Photos of Model Pile caps and Loading Ram
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Figure A 1: Schematics and photo of the pile cap for vertical or 0° battered piles.
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Figure A 2: Schematics and photo of the pile cap for 10° battered piles.
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Appendix A
Schematics and Photos of Model Pile caps and Loading Ram
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Figure A 3: Schematics and photo of the pile cap for 20° battered piles.
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Figure A 4: Schematics and photo of the pile cap loading ram.
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Figure A 5: Schematics and photo of the collar assembly.
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Appendix B
Calibration of Strain Gauges

1. Calibration of Axial Strain Gauges

Figure A 1. Installed axial strain gages

The axial strain gauge Half bridge circuit is shown in Figure A2:

a) Axial

Figure A 2. Half bridge circuit for axial strain measurement, where SG = axial strain gauge on
pile shaft and R = complementary resistor embedded in the data logger

Analytical Calculations

Young's Modulus of the Aluminum,

E

al

=70« GPa

Diameter of the pile head,
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Calibration of Strain Gauges

dX_pﬂe =127 mm

Cross sectional area of the pile head,
d ) 2
Ay pits ::n-%: 126.677 mm?

Groove width,
b:=5 mm
Groove depth,
h=3.27 mm

Arc angle,

[ ; 1

#:=2.acos 2 . 180 =133.63
dx_pue m

2

Cross sectional area at the strain gage location,
A R

A g oi= e - lﬂ —5in H'

SGpleT 0 ( 2 ] 180 180

(bl )0}

Poisson's ratio,

Shear Modulus of the Aluminum,

By
Gyi=——= _=26.923 GPa
2 (1+4v)

Outer diameter of the adaptor,

D otap out*=Ax s+ 1.5875 mm=14.288 mm

Inner diameter of the adaptor,

d

adap_in =d

Polar moment of inertia of the adaptor,

B-2
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Appendix B
Calibration of Strain Gauges

[dm_m]4 —(d"‘?’—“r] =(1.537-10) mm*

2
S acdaptor =T * 2
Output signal factor,
a:=200
Output voltage,
Ep=1+mV
Input voltage,
E =1V
Axial Gage Factor,
Faaar =214 __ \anufacturer
Axial Strain,
fgi=2eas— 2 —(.187
Ey  GF i
Axial Force,

Fi=Eg e A puyre,= 11845 kN

The theoretical axial force per ImV/V of HBM output are estimated.

Adopted Load Combinations

F, 1
F,:==4343 N gi=——— —=6.853 —-um
Eu+Asa pite m
F, 1
Fy,=T818 N Egi=————=12.337 —-pm
Eu+Asa pite m
Fy 1
Fy;:=133.51 N Egi=————=21.068 —-pum
Eu+Asa pite m
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Calibration of Strain Gauges

Figure A 3. Axial strain gauge calibration setup



Appendix B

Calibration of Strain Gauges

Metal Supporis

| |
/

N |
MX 16158
\‘ Wood Base
AN ) B L L
\ e G I
\\ __~ Strain Gauges Wires emputer E =
Mode! Helix Pile LT I y
~ R R 3G
/ H \__ ——
Axial Strain Gauges ||l -
8 7 Measurement signal (+) - - -
—b = L | Excitation (-)
\ = e | Excitation (+)
\\ HEM Data Logger
e —_ MX 1615 B L | Cable shieki
Collar — L #-Tte | Sense lead (+)
L Senselead(-) -------

Weights

view from below

1L 1 134+
Leoading Ramp ;::l; son % O;
N
1-wire EEPROM (optional) T

Hsg. = Housing

Cable color code: wh= white; bic= black: bu= blue; rd= red; ye= yellow; gn= green; gy= gray

Figure A 4. Schematic calibration of axial strain gauges.

Table A 1. Calibration measurements for Axial Strain Gauges from the HBM Data Logger

Pile | Applied Load (N) | HBM Strain (um/m) | HBM readings 10-3 (mV/V) | Ka (KN/mV/V)
43.43 7.30 0.037 1190
P1 78.18 12.53 0.063 1248
133.51 23.23 0.116 1149
43.43 6.83 0.034 1273
P2 78.18 12.30 0.062 1271
133.51 22.05 0.110 1211
43.43 7.28 0.036 1194
P3 78.18 12.23 0.061 1278
133.51 23.16 0.116 1153
43.43 7.33 0.037 1186
P4 78.18 12.64 0.063 1237
133.51 21.14 0.106 1263
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Calibration of Strain Gauges

Pile | Applied Load (N) | HBM Strain (um/m) | HBM readings 10-3 (mV/V) | Ka (KN/mV/V)
43.43 6.97 0.035 1246
PO 78.18 12.60 0.063 1241
133.51 23.36 0.117 1143
Average K (KN/mV/V) 1219
Table A 2. Summary of the axial strain gauge calibration results
SG type | Gauge Factor | Bridge type | Rosette | Excitation (V) | Calibration factor
Axial 2.14 Half Axial |10 1219 KN/(mV/V)
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Calibration of Strain Gauges

2. Calibration of Bending Strain Gauges

Figure A 5. Installed bending strain gauges.

Analytical Calculations

Calculation of Section Modulus

r:=3.85 mm b:=7.85 mm h:=5 mm cm:=% cyy==%+r
z,:=0 mm Ty:=0 mm
._4-r+£ ._4-r+£
TR 2 -
A1:=7T"r2 A2:=7r'7'2
(A1-$1)+(A2-$2>+( -1:3> _0 T
et (A1 +A4,+Ay)

v (Al°y1>+ (A2-y2> (As ys) T P
(A +A;+Ay)
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Calibration of Strain Gauges

MOI wrt Centroidal X-X

I, :=0.11-7" =24.168 mm’ )
Iypy =11+ (Al . (yl - yr.') )= (9-412 . 10'_11) m’
Iy:=0.11-7" =24.168 mm

% Lo i=Igy+ (Az' (y‘l_y
IG;,=:b-E=81.771 mm’

)

2
e

) )= 413.757 mm.”

): (9.412.107") m*
Ippyi=Igz+ (A:s . (y:; -y

I
I,=I,+1,,+1,,=602.006 mm* S, i=—="T7.428 mm’
C
by

MOI wrt Centroidal Y-Y

I1:=0.393.7" =86.345 mm’ )
I yl :=1G1+(A1'(m1_$r.) )=(8.634' lﬂ_11> m4
I;,=0.393.7" =86.345 mm* )
. Lyap=Icy+ (Az- (22— 2,) ) =(8.634.107") m*
Igy:=h-—=201.557 mm* )
12 Is=Igs+ (A:;- (z5—,) ) =201.557 mm*

a— — 4
I=I,,+1,,+1,,=374.246 mm

1y, 3 : :
S,y =——=149.698 mm <=Use in design
C.TII:

Theoretical Bending Moment:

Young's Modulus of the Aluminum, £,,;:=70+GPa

Yield Stress of Aluminum 0y:=240 MPa
Diameter of the pile head, dy pite=12.7 mm
(dx pite)® )
Cross sectional area of the pile head, Ay piges=m+ +: 126.677 mm~
Groove width, b:=5 mm Groove depth, h:=2.425 mm
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Calibration of Strain Gauges

b
180
Arc angle, 6:=2-.acos «——=133.63
X_pile ™
2

Cross sectional area at the strain gage location,

(7 IO N
ASG_pi[c':zz'i' e I ol |-Z sl ] - J=98.979 mm~
2 2 180 180

ooy AT )

E
Shear Modulus of the Aluminum,  G,:=——2% _=26.923 GPa

Poisson's ratio,

2 (1+ v)
Outer diameter of the adaptor, Aadap our*=dx pite+1.5875 mm=14.288 mm
Inner diameter of the adaptor, dudap in*=dx pile=12.7 mm
Elastic Section Modulus, Syi=149.698 mm®
Sy :=T77.428 mm*®
. . dadap out 3
Polar moment of inertia of the adaptor, e
Jadaptor = 22 — (4091 * 103 > mm“
Output signal factor, a:=200 Output voltage, Ey=1.-mV
Input voltage, E, =1V
Bending Gage Factor, GFpending=2.11 <= Manufacturer (NEW)
: . E
Bending Strain, gpi=2+as ———+«——=0.19
E:'n - GF bending

Ra* AR
(compression)
O O
v
Ro- AR
{tension)

Figure 6. Half-Bridge Circuit

Bending Stress, 06,:=E_;+&,=13270.1 MPa

-
.
"

Bending Moment, My, gz =0y Sy =1.987 (kN -m)

Mb_mi??.=:o-b ‘SY: 1.027 kN‘m
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Calibration of Strain Gauges

Figure A 6. Bending strain gauge calibration setup

Collar Support
Metal Supports Collar
;.; Strain Gauges Wires
Moomx ‘\:‘::\_.\
Pile | R oo
;_._ HBM Data Logger MX
Nail B i 8 =) 1615 B
| Do
{ e el =
BT
e

String/ Wood Base L=

Loading Ramp Computer

}Weights

Figure A 7. Schematic of calibration setup for bending strain gauges.
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Table A 3. Calibration measurements for bending strain gauges from the HBM Data Logger

Appendix B

Calibration of Strain Gauges

Loads | Distance HBM readings (mV/V) Kt (KN-m/mV/V)
(kg) t0 SG
(mm) | SG | PoB1 | POB2 | P3B1 | P3B2 | P3B3 | P3B4 | POB1 | POB2 | P3B1 | P3B2 | P3B3 | P3B4 | Avg
2.40 212 1 | 0003 | 0.003 | 0.003 | 0.002 | 0.002 | 0.002 | 1.67| 162 | 1.84| 216 | 204 | 213| 191
4.41 212 1 | 0.006 | 0.005 | 0.005 | 0.005 | 0.006 | 0.004 | 1.60 | 191 | 202| 180 | 166 | 211| 187
9.36 212 1 | 0013|0012 | 0013 | 0.011 | 0.016 | 0.020 | 1.51 | 157 | 154| 176 | 121 | 1.88| 158
2.40 147 2 | 0,000 | 0.000 | 0.002 | 0.002 | 0.002 | 0002 | NA | NA | 18 | 157| 18 | 211 | 184
441 147 2 | 0,000 | 0.000 | 0.003 | 0.004 | 0.004 | 0003 | NA | NA | 1.95| 154 | 164 | 210| 181
9.36 147 2 | 0,000 | 0.000 | 0.009 | 0.009 | 0.009 | 0007 | NA | NA | 158 | 152| 150 | 1.96| 164
2.40 120 3 | 0,000 | 0.000 | 0.002 | 0.002 | 0.002 | 0001 | NA | NA | 185 | 165| 174 | 208 | 183
4.41 120 3 | 0,000 | 0.000 | 0.003 | 0.003 | 0.004 | 0002 | NA | NA | 199 | 158 | 148 | 214 | 179
9.36 120 3 | 0,000 | 0.000 | 0.007 | 0.007 | 0.008 | 0005 | NA | NA | 162 | 1.56| 146 | 203 | 167
2.40 85 4 | 0001|0001 | 0001 | 0.001 | 0.001 | 0.001 | 233 | 1.81| 213 | 166 | 170 | 223 | 1.98
4.41 85 4 | 0002 | 0002 | 0.002 | 0.002 | 0.002 | 0002 | 179 | 1.80| 213 | 171 | 175| 2.33| 1.9
9.36 85 4 | 0004 | 0.005 | 0.005 | 0.005 | 0.004 | 0,003 | 1.89 | 1.67| 171 | 166 | 1.81| 244 | 186
1.808

Table A 4. Summary of the bending strain gauge calibration results

SG type | Gauge Factor

Bridge type

Rosette

Excitation (V)

Calibration factor

Bending 2.11

Half

Diagonal

10

1.808 KN-m/(mV/V)
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Appendix C
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B0 Helix Pile Group
1. Introduction
The series of sheets in Appendix C contains the data conversion and processing procedures specifically for the NIO3 centrifuge test series on
4P3S2B0 Helix Pile Group. For the data conversion procedures, the raw data files were first corrected by subtracting the initial value of pre spin
data depending on file index. The data were then converted into engineering units through recalibrations of the strain gauges in the centrifuge
data logger.

2. HBM Data Conversion
HBM data were recorded by the HBM Data Logger connected to the main computer unit of the GeoCerf centrifuge.

2.1 General Information

2.1.1 Model Pile Dimensions

L:=271.8 mm
d:=12.7 mm
D:=38.1 mm
E:=169.1 mm
Hy:=150 mm
H,:=[150] mm

P :=m.D=0.1197 m
Hyp:=(H,— D)
P:=12.7T mm

2.1.2 Properties of Sand

y:=16.1 ﬂ3
m
p:=31.2 deg
3
§:=|—-p|=23.4d
(o]

2.1.3 Centrifuge Scale

NoSGages:=4

Nscale:=15
sclfac:= [1 2 3]

Length of the Pile
Diameter of the shaft
Diameter of the helix wale o Hdl- gt CL
Embedment depth of pile
Depth to bottom helix ] 7
Depth to top helix L L L
Perimeter of the Helical Pile Shaft i24
Effective Shaft Length 5 - .
Pitch of the helix 4L v
Lk H, $2(P2) = 15D
5{83(P3)=2.5D
$4 (P4) = 3.5D
Unit Weight L3 3
L T P -
4 P Ny
CV Friction Angle D |‘_'|D
PO P1 P2~P4
CV Dilation Angle Schematic of the model piles

1 refers to the Strain Gage at the bottom and 4 the Strain Gage at the top of the pile; Total No of Strain Gages: P0=2,
P3=4

Centrifuge g-level
Centrifuge scale factor N"scale, 1 for displacement , 2 for force, 3 for Moment



Appendix C
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B0 Helix Pile Group

2.1.5 Loading Conditions

™ _ 0.0055 2
mmn S

CmpRate:=0.33 Actuator Loading rate in compression

2.2 Calibration of the Strain Gages in HBM Data Logger

2.2.1 Calibration of Axial Strain Gages
RawDataCalib:= READEXCEL (“..\Finalized NIO01\Calibration SGages HBM Centrifuge Corrected.xlsx”, “Sheetl!Al:GlZ”)

4.427 1 0.076 0.104 0.149 0.098 0.132
7.97 1 0.152 0171 0.23 0.195 0.244
13.606 1 0.391 0.295 0.343 0.287 0.336
4.427 2 0.048 0.06 0.078 0.091 0.1
7.97 2 0.053 0.114 0.114 0.136 0.194
RawDataCalib | 13:606 2 0.088 0214 0.161 0.225 0.231
4.427 3 0 0.043 0.028 0.052 0.037
797 30 0.063 0.151 0.087 0.078
13.606 3 0 0.127 0.199 0.149 0.112
4427 4 0 0 0.089 0.035 0.028
797 40 0 0.109 0.067 0.055 Colm 0 represents calibration loads in kg, Colm 1 represents Strain Gage Number, Colm
13.606 40 0 0-145 0.127 0.141 2-6 represents Strain Gage HBM readings for piles P0,P1,P2,P3 and P4 respectively
CmbLdAz := RawDataCalib®” kg - g Load Combinations

CalibdataPile := submatrix (RawDataCalib, 0, rows (RawDataCalib) — 1,2, 6)-107*. mTV HBM Strain Gage Data

Function for Calibration factor for all strain gages in each pile

571.237 417.443  201.369 443 328.804
514204 457.07  330.822 400.815  320.324
341251 452.303 380.007 464.91  397.111
004.450 723.567 556.50  47T.077 434.14
1474.698  685.605 685.605 574.600  402.881
Azt | for i € 0,1...vows (CalibdataPile) -1 _| 1516242 623501 828753 593.019 577.616 | AN

0 1009.620 1550.501 834.885 1173.352 | my
for j € 0,1..cols (CalibdataPile) — 1 1240.619 517.609 898.379 1002.038 | —

0
v
k —CmbLdAz 0 1050.624 670.499  895.499 1191.333
o ) 0 0 487.798 1240.401 1550.501
q, ;+ CalibdataPile, 0 0 717.055 1166.552 1421.073
m —if g =0 0 0 920.202 1050.624  946.307
LR LN
0
else
k.

Calibration Factor. Here, the columns represents the Piles from PO to P4 (left to right) and the rows represents the Strain Gage
readings SG1 to SG4 (top to bottom) for three load combinations
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Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B0 Helix Pile Group

2.2.1 Calibration of Bending Strain Gages
RawDataCalibBend := READEXCEL (“.\CalibBendingRawData.xlsx”, “Sheet2!A2:113")

RawDataCalibBend =

2.404
4.411
9.357
2.404
4.411
9.357
2.404
4.411
9.357
2.404
4.411
9.357

212
212
212
147
147
147
120
120
120

85

85

85

R R W W W NN R =

0.003
0.0057
0.0129
0

0
0
0
0
0

0.0009

0.0021
0.0041

0.0031
0.0048
0.0124
0

0
0
0
0
0

0.0011

0.002
0.0047

0.0027
0.0045
0.0126
0.0019
0.0033
0.0085
0.0015
0.0026
0.0068
0.0009
0.0017
0.0046

CmbLoadMoment := RawDataCalibBend® kg-g

CmbMArm = RawDataCalibBend" mm

CalibdataPileM := submatrix (RawDataCalibBend ,0,rows (RawDataCalibBend) -1,3, 8) .

0.0023
0.0049
0.011

0.0022
0.0041
0.0089
0.0017
0.0033
0.0071
0.0012
0.0022
0.0047

0.0025
0.0055
0.016

0.0019
0.0039
0.009

0.0016
0.0035
0.0075
0.0012
0.0021
0.0043

Function for Calibration factor for all strain gages in each pile

CFBM :=

for i € 0,1..rows (CalibdataPileM) — 1

for j € 0,1..cols (CalibdataPileM) — 1

k.
i,

1

q
vy

m
iJ

_«— CmbLoadMoment o
7 1,

— CmbMArm
i i,0

« CalibdataPileM
iy

—if ¢ =0
L)

else

1.672
1.603
1.505

1.617
1.911
1.573

0 0
0 0
0 0
0 0
0 0
0 0

2.33
1.794
1.889

1.805
1.802
1.67

1.844
2.02

1.543
1.796
1.945
1.581
1.849
1.989
1.624
2.132
2.125
1.707

2.164
1.887
1.762

2.04
1.661
1.214

1.568 1.863
1.54  1.643
1.519 1.5

1.645
1.578
1.562
1.656
1.71

1.656

1.736
1.475
1.464
1.698
1.751
1.814

2.127
2.108
1.88

2.113
2.099
1.958
2.08

2.136
2.032
2.227
2.327
2437

0.0024
0.0044
0.0104
0.0016
0.003

0.0069
0.0014
0.0024
0.0054
0.0009
0.0016
0.0032

Colm 0 represents calibration loads in kg, Colm 1 represents the moment arm, Colm 2
represents the Strain Gage Number, Colm 2-6 represents Strain Gage HBM readings for
piles POB1, POB2, P3B1,P3B2, P3B3 and P3B4 respectively

Load Combinations

Moment Arm Combinations

mv HBM Strain Gage Data

Calibration Factor. Here, the columns represents the Piles POB1, POB2, P3B1,P3B2, P3B3 and P3B4 respectively and the rows
represents the Strain Gage readings SG1 to SG4 (top to bottom) for three moment combinations
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2.3.2 Axial Load vs Time

Function for determining the Time, Displacemnt and Axial Load Distribution in each pile

ConvLd (RawdataHBM , PileNum , CF , smthn , LdType) := || RawDataSG « || it LdType =1
” . my
| —submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,9 ,12) +——
v

elseif LdType =2

mV
—submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,1, 4) ——

\ 4

else

mV
—submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,5 , 8) ——
\4

for i € 0,1..rows (RawDataSG) — 1

for j € 0,1..cols (RawDataSG) — 1

q  + RawDataSG - RawDataSG
i i 0.5

SG1. || if LdType=1

selfac
4, ,mean (submatrix (CF , 0, 2, PileNum , PileNum)) + Nscale : 1)
i

else

selfac
a; - mean (submatrix (CF , 0, 2, PileNum , PileNum)) « Nscale 0, 2)
i

5G2 —

LdType = 1

sclfac
q; - mean (submatrix (CF, 3, 5, PileNum , PileNum)) « Nscale ’ 1)
i,

else

i,

sclfac
q; - mean (submatrix (CF, 3, 5, PileNum , PileNum)) + Nscale o,)

SG3 —

LdType =1
selfac
g, ,mean (submatrix (CF , 6 , 8 , PileNum , PileNum)) « Nscale 0,1
i,
else

selfac
[q , * mean (submatrix (CF , 6, 8 , PileNum , PileNum)) « Nscale 0, 2)
i,

5G4 —

LdType = 1
selfac
a; - mean (submatrix (CF , 9, 11, PileNum , PileNum)) + Nscale 0,1
i3

else

selfac
[q 4+ mean (submatrix (CF, 9, 11, PileNum , PileNum)) + Nscale 0, 2]
i3

augment (medsmooth (SGI(O) s smthn> ;» medsmooth (SGZ(I) s smthn) » medsmooth (SGS(Z) s smthn) , medsmooth (SG4(3) s smthn))

Function for determining the time and displacement

TimeZero (RawdataHB]VI ) := || T¢émeP « submatrix (RawdataHBAI ,0,rows (RawdathBM ) -1,0, 0) 8
for i € 0,1..rows (TimeP) — 1
k — (TimeP_ - TimePU)
i i
3 X CmpRate
q — —(szeP — Tv,mePn) " 100
i i

D
I

augment (k s q)
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There were four strain gages placed within the P3 pile. The following sub sections provides the details on the load distributions:

G4P3S2BOHBM := READEXCEL (“.\2P3B0G.xlsx” , “Sheet1 (2)!A3:M9073")

TimeDispG4P3S2B0 :=TimeZero

(GAP3S2BOHBM )

AzLdG4P3S2B0 := ConvLd (G4P3S2BOHBM ,3 ,CFAxl, 111, 1)

A A
24001 2400+
23101 23107
22201 22201
21301 2130+
20401 20404
19501 (0) 1 19501 o [1
. GAP3S2BOHBM (;-s G4P3S2BOHBMY [—.s
1770+ s
1680
1590+
15001 15001
—0.04.0430.0426.0 BB'”E’"Eﬁ?\?{@e'(mg"“%"("3‘* 704()ngu.(mu.m-ummmnm;.(mm.()mmeuri]gyzm 0.00GB0005
GAP352B0 GAP352BOHBM'
A A
2400+ 24007
231014 23101
22201 22201
2130+
2130+
sot0) 2040+
1950 1 " Gap3s2BoHBMY [
9507 0 . .S
l GaP3S2BOHBM") ( -s) 18601 p
S 1770+
17704 1680+
16801 15901
1590+ 15001
15001
R 0.0026.0020.0020.0010.0016.0016.0010.( i}gg(mommom)no1
0.2950.2650.2350.2050.1750.1450.1150.0850.0550.025.005 G4P3S2B0HB

G4P3S2BOHBM

Fig C 1. Rawdata axial load time history for pile group 4P3S2B0
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TimeDispG4P3S 280" (s)

A
990+
900

8101 /

720+

\I\I\/\

630+
540+
450+

360+

G)U—a ?
&

150 300 150 600 750 900 1050 1200 1350 1500 1650 1800

v

AzLdG4P352B0" (kN

AxLdG4AP3S2B0Y (kN

' (kN)
(1) (kN)
AzLdG4P3S2B0% (kN)
AzLdG4P3S2B0% (kN)

Fig C 2. Axial Load time history for pile group 4P3S2B0



Appendix C
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B0 Helix Pile Group

. . 1

TzmeDzspGéLP?;S2BO< )

A 46.6283
\h !E 17";3 1?;0 253 2'}0 Iii-') Ii;}() «ll‘i-') «lv:)() -
—1.5 ,5
———
-5) _4.51 1 %
™.

—10.5+

AxLdG4P352B0") (kN)  AxLdG4P352B0% (kN)

AzLdG4P352B0? (kN) AzLdG4P3S2B0Y (kN)

Fig C 3. Axial Load -displacement for pile group 4P3S2B0
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Functions for determining the Q distribution profile at strain gauge location

TOL :=0.00000001

SGplotQP (AzLdGAP3S2B0 , TimeDispGAP352B0 , PileNum)

Qdist4P3S2B0 := SGplotQP (AdeG4P3S2B0 , TimeDispG4P352B0 , 3) =

= | | QPO — it PileNum =0

augment (lookup (~5 , TimeDispGaP3s2801) | AzrdcarssaBol®) | near”) | 1ookup (~10 , TimeDispGarssaoll) | AzLdcarss2B0) | “near”) | lookup (<15 , TimeDispcaras2poll) | Arrdcaras2Bo® | “near) , ookup (20 , TimeDispaaras2Bo™) | Azracarssaol® | near))
clse
augment (lookup (~2.5 , TimeDispGar3s250t) | AzLdGarss2no® | “near) | 1ookup (=5 , TimeDispGarss2B01) | AzLdcarss2Bo®) | “near”) | tookup (~7.5 , TimeDispGarssanoll) | Azracarss2pol® | “near) | 1ookup (~10 , TimeDispGar3s250) | AzLdcarssanol®) | “near))
QP — it PileNum=0
augment (lookup (=5 , TimeDispGapssaBot) | ArLacapss2Bo") | near) , tookup (<10 , TimeDispGarssapolV) | Azracapssapoll) | “near) | 1ookup (<15 , TimeispGapssanol) | AzLacarssapoll) | “near) , 1ookup (20, TimeDispGaras2B0) | AzLdcapssanoll) | “near))
else
augment (lookup (~2.5 , TimeDispGaP3s250X) | AzLdGarssanolV) | “near) | 1ookup (=5 , TimeDispGarss2B01) | AzLacarss2po) | “near) | ookup (~7.5 , TimeDispGarssanoll) | Azracarasapoll) | “near”) , 1ookup (~10 , TimeDispGar3s2501) | AzLdcarssanoll) | “near))
QP2 — augment (lookup (~2.5, TimeDispGap3s2B0lY) | AzLdGapss2Bol? | “near”) , lookup (-5 , TimeDispGap3s2BolY) | AsLdGapss2Bol? | “near”) , lookup (~7.5 , TimeDispG. (1) | AsLdc ) “near”) , lookup (~10, TimeDispGapss2oll) | AvLdcapss2Bo? | “near”))
QP3 — augment (lookup (~2.5, TimeDispGap3s2BolY) | AzLdGapss2Bo® | “near”) , lookup (-5 , TimeDispGapss2BolY) | AsLdGapss2Bo® | “near”) , lookup (~7.5 , TimeDispGapss2Boll) | AvLdGapss2Bo® | “near”) , lookup (~10, TimeDispGapss2oll) | AvLdcapss2Bo®) | “near”))

combined «— if PileNum =0

stack (QPO , QP1, QP1, QP1, QP1, QP1)

else

stack (QP0 , QP1, QP1, QP2 , QP2 , QP3)

combined

260.2702 70.4429 243.2962 358.4373
25.244 45.688 104.887 185.0633
25.244 45.688 104.887 185.0633

1559.2755 790.7165 —1535.984 —1445.9148
1559.2755 790.7165 —1535.984 —1445.9148
54.1873  91.1842 221.2338 386.038

0.6+3.5 0.6+3.5

0.6  0.6+2
sclfac .
SGEmbDP:=—| ° 0.6+2 1 p.Nscale” *°  SG embedment depth in prototype scale. Here, colm 0-4 represents
0 0.6+1 .
0 0.6+ 1 PO to P4. Row 0 to 5 represents depth to strain SG 1 to 4
0 0.6
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SGEmbDPY (m)

»
»

t t y t t t t t t t t
—400 —200 l‘ 200 400 600 800 1000 1200 1400 1600

—0.15+
—0.55+
—0.75+
—0.95+

—1.15+

—1.35+

QdistaP352B0" (kN)  Qdist4aP352B0" (kN)

—QdistaP352B0® (kN) —Qdist4P352B0% (kN)

Fig C 4. Axial Load distribution with depth for pile group 4P3S2B0
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2.3.3 Bending Moment vs Time
BM1G4P3S2B0:=ConvLd (G4P3S2BOHBM ,4,CFBM ,111,2)

BM2G4P3S2B0:=ConvLd (G4P3S2BOHBM ,2,CFBM ,77,3)

2400

1

1
GAP3S2BOHBM" |~
( s) G4P352B0HBM") (—-s)

8

4

—0.0105 603007t 06 0045 663.00150 0.0( ]S\MHIKI)U 15006

1
G4P3S2B0HB
—0.0039.0688.0029.002.00+9.060.0005 0 2(5.()(]()?6),(1()[l.(l()l»
G4P3S2BOHBM'
A A
2400 2400
2310 2310
2220 2220

2130

2040
ﬁ 95 1
‘ 1 ) o GAP3S2BOHBM" (—-s)

G4P3S2BOHBM" (_ .s

18604 1860
1:7)2 s S 1770 % S
l‘i&_(h* 1680
1390t 1590
1500 1500
R0 560190450350 95,0 210 140.07 0 0.07 " _0.0650 (l,(‘l(jfw.‘li(%).I‘ENBJ.“Z«H.:;ZL].C‘HOi.I‘F%j’)'ﬂ)..’)‘xm.‘(}ﬁ -
GAP352BOHBM") G4P3S2B0HB

Fig C 5. Raw Data Bending Moment 1 for pile group 4P3S2B0
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0

TimeZero (G4P352BOHBM)( ) (s)

—200 —-175 —150 —125 —100 =75 —50 —25 ( 25 50

BM1G4P352B0") (m-kN) BM1G4P352B0" (m-kN)

BM1G4P352B0® (m-kN) BM1G4P352B0% (m.kN)

Fig C 6. Bending Moment 1 time history for pile group 4P3S2B0

11



Appendix C
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B0 Helix Pile Group

1)

(
TimeZero (G4P3S 2BOHBM )

v

—210 —175 —140 —105 70 105

BM1G4P352B0") (m-kN) BM1G4P352B0" (m-kN)

BM1G4P352B0% (m-kN) BM1G4P352B0% (m.kN)

Fig C 7. Bending Moment 1 - displacement for pile group 4P3S2B0

14.8869 —11.8744 —8.336  —0.3507
—4.8297 —27679 —0.0731 —0.8279

BMMaadist4P352B0 = SGplotQP (BM1GAP3S2B0 , TimeDispGAP3S2B0 , 3) = _13'%27 _z'IgIg _g'ggi; _12'352);? m-kN
10466 81318 —8.9048 —13.4975

—51.8354 —27.5261 —90.4794 —66.3408

12
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SGEmbDPY (m)

—105 -90 =75 —60 —45 -30 —15 ( 15

—0.15+

BMMazdistaP352B0"° (m-kN) BMMaxdist4P352B0" (m-kN)

BMMaaxdist4P352B0® (m-kN) BMMaxzdistdP3S2B0® (m-kN)

Fig C 8. Bending Moment 1 - depth for pile group 4P3S2B0
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Appendix C

Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B0 Helix Pile Group

»

0.00GBO@LOOOD00H00M0IBOARO0ADOAH0BHD0ZBO03
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A
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G4P3S2BOHBM

4

2400+
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2220+

2130+

2040+

1950+
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1680+

1590+

1500+

»

A

—0.0060.0008.0668.0667.0066.0066.0006. 0&%5 0064.006a.0003

G4P3S2B0OHBM

A

2400+
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.s)
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—0.0805060300020 0.000200030003000! 1)510&)(]0‘.1)(11 1

G4P3S2BOHBM"®

Fig C 9. Raw Data Bending Moment 2 for pile group 4P3S2B0
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(0)

TimeZero(G4AP3S2BOHBM) ~ (s)

; ; o ; ; ; ; ; ; ; ; ;
-3 —-1.5 % 1.5 3 4.5 6 7.5 9 10.5 12 13.5

—BM2G4P352B0" (m-kN) BM2G4P352B0Y (m-kN)

BM2G4P352B0® (m-kN)  BM2G4P352B0Y (m-kN)

Fig C 10. Bending Moment 2 time history for pile group 4P3S2B0
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1

TimeZero (G4P35 2BOHBM )

v

-10 -7.5 -5

—BM2G4P352B0" (m-kN) BM2G4P352B0Y (m-kN)

BM2G4P352B0® (m-kN)  BM2G4P352B0Y (m-kN)

Fig C 11. Bending Moment 2 - displacement for pile group 4P3S2B0

—1.0431 —-1.5516 —3.9622 —8.2049
0.0949 0.0949 0.0431 1.4149
0.0949 0.0949 0.0431 1.4149
0 —0.1682 —0.425 0.0177
0 —0.1682 —0.425 0.0177
0.145 0.058 —0.8702 0.5511

BMMindist4P352B0 := SGplotQP (BM 2G4P3S2B0 , TimeDispG4P352B0 , 3) =

16
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SGEmbDPY (m)

BMMindistaP352B0" (m-kN) BMMindist4P352B0") (m-kN)

BMMindist4P352B0% (m-kN) BMMindist4P352B0° (m-kN)

Fig C 12. Bending Moment 2 - depth for pile group 4P3S2B0

17



Appendix C
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B0 Helix Pile Group

2.3.4 LVDT vs Time
Function for determining the time and displacement from LVDT

LVDT (LVDTRawData , smthn) := | TimeLVDT « submatrix (LVDTRawData , 0 , rows (LVDTRawData) —1,0,0) s

LVDT1 «+ medsmooth (submatrix (LVDTRawData ,0,rows (LVDTRawData) -1,1, 1) mm , smthn)
LVDT?2 «— medsmooth (submatrix (LVDTRawData ,0,rows (LVDTRawData) -1,2, 2) mm , smthn)
for 2 € 0,1..rows (LVDTRawData) -1

k — (TimeLVDT - TimeLVDTU)

Ifac

q —(LVDTI_ - LVDTIO) +2.Nscale °°
sclfac
mv<——(LVDTZ—LVDT2O)-2-Nscale 0.0

sclfac
n «— 7(TimeLVDT> - TimeLVDTD) .CmpRate - Nscale  °*°

augment (k ,q,m, n)

LVDTRawData:= READEXCEL (“.\Nav—2P3B0G.xlsx”, “Sheet3 (2)!A2:C954")

(0 (3
TimeLVDT := LVDT (LVDT RawData,, 11) LVDTC :=LVDT (LVDTRawData,11)
(1) (2
LVDTL:=LVDT (LVDTRawData,11) LVDTR:=LVDT (LVDTRawData,11)
8.5
i}[ X ™95 190 285 380 175 570 665 760 855 950 1045 g
—8.5 \\
]
i LVDIC (mm)
—42.5
—514 LVDTL (mm)
—59.5
6] LVDTR (mm)
—76.5
s

TimeLVDT (s)

Fig C 13. LVDT displacements time history for pile group 4PS2B0
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Function for determining the tilting of the plate

selfac
Tilt (SpacingDCDLR , SpacingDLDR) := || k — (SpacingDCDLR) - mm + Nscale ~ °*°

sclfac
q— (SpacingDLDR) «mm - Nscale 0.0
for 7 € 0,1..rows (LVDTRawData) -1

(LVDTC - LVDTR)

m <
i k
(LVDTC — LVDTL )
n <«
i k
(LVDTR, — LVDTL )

l—

q

augment (m ,n, l)

Rot4P3S52B0:=augment (medsmooth (Tilt (7.1 , 7.8)(0) , 99) ,medsmooth <Tilt (7.1 , 7.8)(1) , 99) ,medsmooth (Tilt (7. 1, 7.8)(2) , 99))

RotaP352B0" Rot4P352B0MY Rot4P352B0%

0.04+

0.02 pﬁ

—0.02+

»

fl-l)l) Il)‘ 15
—0.04+
—0.06+
—0.08+

—0.1+
—0.12+
—0.14+

—0.16+

TimeLVDT (s)

Fig C 14. LVDT rotations time history for pile group 4PS2B0
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Appendix D
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S3B10 Helix Pile Group
1. Introduction
The series of sheets in Appendix D contains the data conversion and processing procedures specifically for the NIO3 centrifuge test series on
4P3S3B10 Helix Pile Group. For the data conversion procedures, the raw data files were first corrected by subtracting the initial value of pre
spin data depending on file index. The data were then converted into engineering units through recalibrations of the strain gauges in the
centrifuge data logger.

2. HBM Data Conversion
HBM data were recorded by the HBM Data Logger connected to the main computer unit of the GeoCerf centrifuge.

2.1 General Information

2.1.1 Model Pile Dimensions

L:=271.8 mm
d:=12.7 mm
D:=38.1 mm
E:=169.1 mm
Hy:=150 mm
H,:=[150] mm

P :=m.D=0.1197 m
Hyp:=(H,— D)
P:=12.7T mm

2.1.2 Properties of Sand

y:=16.1 ﬂ3
m
p:=31.2 deg
3
§:=|—-p|=23.4d
(o]

2.1.3 Centrifuge Scale

NoSGages:=4

Nscale:=15
sclfac:= [1 2 3]

Length of the Pile
Diameter of the shaft
Diameter of the helix wale o Hdl- gt CL
Embedment depth of pile
Depth to bottom helix ] 7
Depth to top helix L L L
Perimeter of the Helical Pile Shaft i24
Effective Shaft Length 5 - .
Pitch of the helix 4L v
Lk H, $2(P2) = 15D
5{83(P3)=2.5D
$4 (P4) = 3.5D
Unit Weight L3 3
L T P -
4 P Ny
CV Friction Angle D |‘_'|D
PO P1 P2~P4
CV Dilation Angle Schematic of the model piles

1 refers to the Strain Gage at the bottom and 4 the Strain Gage at the top of the pile; Total No of Strain Gages: P0=2,
P3=4

Centrifuge g-level
Centrifuge scale factor N"scale, 1 for displacement , 2 for force, 3 for Moment
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2.1.5 Loading Conditions

™ _ 0.0055 2
mmn S

CmpRate:=0.33 Actuator Loading rate in compression

2.2 Calibration of the Strain Gages in HBM Data Logger

2.2.1 Calibration of Axial Strain Gages
RawDataCalib:= READEXCEL (“..\Finalized NIO01\Calibration SGages HBM Centrifuge Corrected.xlsx”, “Sheetl!Al:GlZ”)

4.427 1 0.076 0.104 0.149 0.098 0.132
7.97 1 0.152 0171 0.23 0.195 0.244
13.606 1 0.391 0.295 0.343 0.287 0.336
4.427 2 0.048 0.06 0.078 0.091 0.1
7.97 2 0.053 0.114 0.114 0.136 0.194
RawDataCalib | 13:606 2 0.088 0214 0.161 0.225 0.231
4.427 3 0 0.043 0.028 0.052 0.037
797 30 0.063 0.151 0.087 0.078
13.606 3 0 0.127 0.199 0.149 0.112
4427 4 0 0 0.089 0.035 0.028
797 40 0 0.109 0.067 0.055 Colm 0 represents calibration loads in kg, Colm 1 represents Strain Gage Number, Colm
13.606 40 0 0-145 0.127 0.141 2-6 represents Strain Gage HBM readings for piles P0,P1,P2,P3 and P4 respectively
CmbLdAz := RawDataCalib®” kg - g Load Combinations

CalibdataPile := submatrix (RawDataCalib, 0, rows (RawDataCalib) — 1,2, 6)-107*. mTV HBM Strain Gage Data

Function for Calibration factor for all strain gages in each pile

571.237 417.443  201.369 443 328.804
514204 457.07  330.822 400.815  320.324
341251 452.303 380.007 464.91  397.111
004.450 723.567 556.50  47T.077 434.14
1474.698  685.605 685.605 574.600  402.881
Azt | for i € 0,1...vows (CalibdataPile) -1 _| 1516242 623501 828753 593.019 577.616 | AN

0 1009.620 1550.501 834.885 1173.352 | my
for j € 0,1..cols (CalibdataPile) — 1 1240.619 517.609 898.379 1002.038 | —

0
v
k —CmbLdAz 0 1050.624 670.499  895.499 1191.333
o ) 0 0 487.798 1240.401 1550.501
q, ;+ CalibdataPile, 0 0 717.055 1166.552 1421.073
m —if g =0 0 0 920.202 1050.624  946.307
LR LN
0
else
k.

Calibration Factor. Here, the columns represents the Piles from PO to P4 (left to right) and the rows represents the Strain Gage
readings SG1 to SG4 (top to bottom) for three load combinations
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Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S3B10 Helix Pile Group

2.2.1 Calibration of Bending Strain Gages
RawDataCalibBend := READEXCEL (“.\CalibBendingRawData.xlsx”, “Sheet2!A2:113")

RawDataCalibBend =

2.404
4.411
9.357
2.404
4.411
9.357
2.404
4.411
9.357
2.404
4.411
9.357

212
212
212
147
147
147
120
120
120

85

85

85

R R W W W NN R =

0.003
0.0057
0.0129
0

0
0
0
0
0

0.0009

0.0021
0.0041

0.0031 0.0027
0.0048 0.0045
0.0124 0.0126
0 0.0019
0 0.0033
0 0.0085
0 0.0015
0 0.0026
0 0.0068
0.0011 0.0009
0.002 0.0017

0.0047 0.0046

CmbLoadMoment := RawDataCalibBend® kg-g

CmbMArm = RawDataCalibBend" mm

CalibdataPileM := submatrix (RawDataCalibBend ,0,rows (RawDataCalibBend) -1,3, 8) .

0.0023
0.0049
0.011

0.0022
0.0041
0.0089
0.0017
0.0033
0.0071
0.0012
0.0022
0.0047

0.0025
0.0055
0.016

0.0019
0.0039
0.009

0.0016
0.0035
0.0075
0.0012
0.0021
0.0043

Function for Calibration factor for all strain gages in each pile

CFBM := | for i € 0,1..rows (CalibdataPileM) — 1

m

m_ «if ¢
(] i,

J

I« CmbMArm.
iLj i,0

=0

q.  + CalibdataPileM
i, g iyj

for j € 0,1..cols (Calibdata.Pile.M) -1
k.« CmbLoadMoment 0
i i,

1.672
1.603
1.505
0

0
_|o
0
0

0
2.33
1.794
1.889

1.617
1.911
1.573

1.844
2.02

1.543
1.796
1.945
1.581
1.849
1.989
1.624
2.132
2.125
1.707

0.0024
0.0044
0.0104
0.0016
0.003

0.0069
0.0014
0.0024
0.0054
0.0009
0.0016
0.0032

2.164 2.04 2.127

1.887
1.762
1.568
1.54

1.519
1.645
1.578
1.562
1.656
1.71

1.656

1.661 2.108
1.214 1.88

1.863 2.113
1.643 2.099
1.5 1.958
1.736 2.08

1.475 2.136
1.464 2.032
1.698 2.227
1.751 2.327
1.814 2.437

Colm 0 represents calibration loads in kg, Colm 1 represents the moment arm, Colm 2
represents the Strain Gage Number, Colm 2-6 represents Strain Gage HBM readings for
piles POB1, POB2, P3B1,P3B2, P3B3 and P3B4 respectively

Load Combinations

Moment Arm Combinations

mv HBM Strain Gage Data

Calibration Factor. Here, the columns represents the Piles POB1, POB2, P3B1,P3B2, P3B3 and P3B4 respectively and the rows
represents the Strain Gage readings SG1 to SG4 (top to bottom) for three moment combinations



Appendix D
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S3B10 Helix Pile Group
2.3.2 Axial Load vs Time

Function for determining the Time, Displacemnt and Axial Load Distribution in each pile

ConvLd (RawdataHBM , PileNum , CF , smthn , LdType) := || RawDataSG « || it LdType =1
” . my
| —submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,9 ,12) +——
v

elseif LdType =2

mV
—submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,1, 4) ——

\ 4

else

mV
—submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,5 , 8) ——
\4

for i € 0,1..rows (RawDataSG) — 1

for j € 0,1..cols (RawDataSG) — 1

q  + RawDataSG - RawDataSG
i i 0.5

SG1. || if LdType=1

selfac
4, ,mean (submatrix (CF , 0, 2, PileNum , PileNum)) + Nscale : 1)
i

else

selfac
a; - mean (submatrix (CF , 0, 2, PileNum , PileNum)) « Nscale 0, 2)
i

5G2 —

LdType = 1

sclfac
q; - mean (submatrix (CF, 3, 5, PileNum , PileNum)) « Nscale ’ 1)
i,

else

i,

sclfac
q; - mean (submatrix (CF, 3, 5, PileNum , PileNum)) + Nscale o,)

SG3 —

LdType =1
selfac
g, ,mean (submatrix (CF , 6 , 8 , PileNum , PileNum)) « Nscale 0,1
i,
else

selfac
[q , * mean (submatrix (CF , 6, 8 , PileNum , PileNum)) « Nscale 0, 2)
i,

5G4 —

LdType = 1
selfac
a; - mean (submatrix (CF , 9, 11, PileNum , PileNum)) + Nscale 0,1
i3

else

selfac
[q 4+ mean (submatrix (CF, 9, 11, PileNum , PileNum)) + Nscale 0, 2]
i3

augment (medsmooth (SGI(O) s smthn> ;» medsmooth (SGZ(I) s smthn) » medsmooth (SGS(Z) s smthn) , medsmooth (SG4(3) s smthn))

Function for determining the time and displacement

TimeZero (RawdataHBM) := || TimeP « submatrix (RawdataHBM , 0 , rows (RawdataHBM) —1,0,0) s
for ¢ € 0,1..rows (TimeP) -1

k — (TimeP‘ — TimePD)

CmpRat
q— —(Tz'meP_ - TimePO) -% .100

augment (k s q)
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There were four strain gages placed within the P3 pile. The following sub sections provides the details on the load distributions:

G4P3S3B10HBM := READEXCEL (“.\3P3B10G.xlsx”, “Sheet1 (2)!A3:M8603”)

TimeDispG4P3S3B10:=TimeZero (GAP3S3B10HBM)

AzLdGAP3S3B10:= ConvLd (GAP3S3B10HBM ,3 ,CFAzl,11,1)

A
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_.s)

1
s
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»
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Fig D 1. Rawdata axial load time history for pile group 4P3S3B10
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Appendix D
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S3B10 Helix Pile Group

TimeDispG4P3S3B 100 (s)

935
850
765
680
595
510
125
340
255
170

85

0 60 120 180 240 300 360 120 180 540 600 660

AxLdG4P3S3B10 (kN

AxLdG4P3S3B10Y (kN

' (kN)
(1 (kN)
AzLdG4P353B10% (kN)
AzLdG4P353B10% (kN)

Fig D 2. Axial Load time history for pile group 4P3S3B10
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TimeDispG4P3S 3810

v

180 240 300 360 420 480 540 600 660

AxLdG4P3S3B10Y (kN

AzLdG4P3S3B10\Y (kN

) (kN)

(1) ( )
AzLdG4P353B10% (EN)
(3) ( )

AzLdG4P3S3B10® (kN

Fig D 3. Axial Load -displacement for pile group 4P3S3B10
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Functions for determining the Q distribution profile at strain gauge location
TOL :=0.00000001

SGplotQP (AzLdGAP3S2B0 , TimeDispGAP3S2B0 , PileNum) = QPO « if PileNum =0
augment (lookup (~5 , TimeDispGaP3s2801) | AzrdcarssaBol®) | near”) | 1ookup (~10 , TimeDispGarssaoll) | AzLdcarss2B0) | “near”) | lookup (<15 , TimeDispcaras2poll) | Arrdcaras2Bo® | “near) , ookup (20 , TimeDispaaras2Bo™) | Azracarssaol® | near))
else
augment (lookup (~2.5 , TimeDispGar3s250t) | AzLdGarss2no® | “near) | 1ookup (=5 , TimeDispGarss2B01) | AzLdcarss2Bo®) | “near”) | tookup (~7.5 , TimeDispGarssanoll) | Azracarss2pol® | “near) | 1ookup (~10 , TimeDispGar3s250) | AzLdcarssanol®) | “near))
QP1 — if PileNum=0
augment (lookup (=5 , TimeDispGapssaBot) | ArLacapss2Bo") | near) , tookup (<10 , TimeDispGarssapolV) | Azracapssapoll) | “near) | 1ookup (<15 , TimeispGapssanol) | AzLacarssapoll) | “near) , 1ookup (20, TimeDispGaras2B0) | AzLdcapssanoll) | “near))
else
augment (lookup (~2.5 , TimeDispGaP3s250X) | AzLdGarssanolV) | “near) | 1ookup (=5 , TimeDispGarss2B01) | AzLacarss2po) | “near) | ookup (~7.5 , TimeDispGarssanoll) | Azracarasapoll) | “near”) , 1ookup (~10 , TimeDispGar3s2501) | AzLdcarssanoll) | “near))
QP2 — augment (lookup (~2.5, TimeDispGap3s2B0lY) | AzLdGapss2Bol? | “near”) , lookup (-5 , TimeDispGap3s2BolY) | AsLdGapss2Bol? | “near”) , lookup (~7.5 , TimeDispG. (1) | AsLdc ) “near”) , lookup (~10, TimeDispGapss2oll) | AvLdcapss2Bo? | “near”))
QP3 — augment (lookup (~2.5, TimeDispGap3s2BolY) | AzLdGapss2Bo® | “near”) , lookup (-5 , TimeDispGapss2BolY) | AsLdGapss2Bo® | “near”) , lookup (~7.5 , TimeDispGapss2Boll) | AvLdGapss2Bo® | “near”) , lookup (~10, TimeDispGapss2oll) | AvLdcapss2Bo®) | “near”))

combined «— if PileNum =0

stack (QPO , QP1, QP1, QP1, QP1, QP1)

else

stack (QP0 , QP1, QP1, QP2 , QP2 , QP3)

combined

96.3282 133.8128 176.2482 221.0882
48.3547  89.9539 137.0642 177.0634
48.3547  89.9539 137.0642 177.0634
96.0342 185.2494 276.4535 353.1672
96.0342 185.2494 276.4535 353.1672
131.1707 252.625 372.2109 478.3433

Qdist4P3S3B10 := SGplotQP (Aa:LdG4P3S3BlO , TimeDispG4P3S3B10 , 3) =

0.6+3.5 0.6+3.5

0.6  0.6+2
sclfac .
SGEmbDP:=—| ° 0.6+2 1 p.Nscale” *°  SG embedment depth in prototype scale. Here, colm 0-4 represents
0 0.6+1 .
0 0.6+ 1 PO to P4. Row 0 to 5 represents depth to strain SG 1 to 4
0 0.6



Appendix D
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S3B10 Helix Pile Group

SGEmbDPY (m)

45 90 135 180 225 270 315 360 405 450 495

0.15

0.35
—0.55+
—0.75+
—0.95+
—1.15¢+
—1.35¢1
—1.55¢+
—-1.75¢+
—1.95+
—2.15¢1
—2.35¢1

QdistaP3S3B10° (kN

Qdist4P3S3B10"Y" (kN

' (kN)
{1 (kN)
QdistaP353B10% (kN)
QdistaP353B10% (kN)

Fig D 4. Axial Load -displacement for pile group 4P3S3B10



BM1G4P3S3B10:=ConvLd (G4P3S3B10HBM ,3,CFBM ,111,2)

BM?2G4P3S3B10:=ConvLd (G4P3S3B10HBM ,5,CFBM ,77,3)
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Appendix D
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2.3.3 Bending Moment vs Time

1
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|
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|
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Fig D 5. Raw Data Bending Moment 1 for pile group 4P3S3B10
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0 0

TimeZero (G4P353B10HBM)< ) (s) TimeZero (G4P3S3BIOHBM)< ) (s)

—
51 U—E.

340+
2551
170+
85+

O

»

—0.45 lll 0.45 0.9 1.35 1.8 2.25 2.7 3.15 3.6 4.05 4.5

»
>

71(173(]72[]71l)‘}i 10 20 30 40 50 60 70 BMlG4P3S3BlO(1> (m-k‘N)
—~BM1G4P353B10"” (m-kN)
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BM1G4P353B10% (m-kN)

Fig D 6. Bending Moment 1 time history for pile group 4P3S3B10
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Fig D 7. Bending Moment 1 - displacement for pile group 4P3S3B10
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—38.5146 —13.9659 —9.0467 0.801

0.7351 0.6826  0.6226 1.0202
0.7351 0.6826  0.6226 1.0202

BMMazdist4P3S3B10 := SGplotQP (BM1G4P3S3B10 , TimeDispG4P3S3B10 , 3) = m kN
0.7059 1.1402 0.8765 2.0788
0.7059 1.1402 0.8765 2.0788
52.0864 42.8693 45.0188 38.8877
1
SGEmbDPY (m)
—47.5 -38 —28.5 —19 -9.5 () 9.5 19 28.5 8 475 57 g

—0.15

—0.35

—0.55

—0.75

—-0.95

—-1.15

BMMaxdist4P353B10° (m-kN) BMMaxzdistdP3S3B10Y (m-kN)

BMMazdistaP353B10° (m+kN) BMMaxdist4P3S3B10" (m.kN)

Fig D 8. Bending Moment 1 - depth for pile group 4P3S3B10
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Fig D 9. Raw Data Bending Moment 2 for pile group 4P3S3B10
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0

TimeZero(G4P3S3BlOHBM)< ) (s)

»
1
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Fig D 10. Bending Moment 2 time history for pile group 4P3S3B10
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(1

TimeZero (G4P3S 3B10HBM )

v
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-10
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Fig D 11. Bending Moment 2 - displacement for pile group 4P3S3B10
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—3.3506 —5.9776 —9.239 —12.9663
2.9207 4.6211 7.1516 10.1923
2.9207 4.6211 7.1516 10.1923
3.5453 4.5582 5.9764 6.2499
3.5453 4.5582 5.9764 6.2499
3.6383 4.9531 6.8572 —5608.6471

BMMindist4P3S3B10 := SGplotQP (BM2G4P3S3B10 , TimeDispG4P3S3B10 , 3) = m-kN

SGEmbDPY (m)

A,

-10 -8 —6 —4 -2 ) 2 4 6 8 10 12
—0.15
—0.35

—0.55

—0.95

—-1.15

BMMindistaP353B10° (m-kN) BMMindistAP3S3B10" (m-kN)

BMMindist4P3S3B10® (m-kN) BMMindistaP353B10°) (m-kN)

Fig D 12. Bending Moment 2 - depth for pile group 4P3S3B10
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2.3.4 LVDT vs Time
Function for determining the time and displacement from LVDT

LVDT (LVDTRawData , smthn) := | TimeLVDT « submatrix (LVDTRawData , 0 , rows (LVDTRawData) —1,0,0) s

LVDT1 «+ medsmooth (submatrix (LVDTRawData ,0,rows (LVDTRawData) -1,1, 1) mm, smthn)
LVDT?2 «— medsmooth (submatrix (LVDTRawData ,0,rows (LVDTRawData) -1,2, 2) mm , smthn)
for 2 € 0,1..rows (LVDTRawData) -1

k — (TimeLVDT - TimeLVDTU)

Ifac

q— —(LVDTI_ - LVDTIO) +2.Nscale °°

sclfac
mv<——(LVDTZ—LVDT2O)-2-Nscale 0.0

sclfac
n «— 7(TimeLVDT> - TimeLVDTD) .CmpRate - Nscale  °*°

augment (k ,q,m, n)

LVDTRawData:= READEXCEL (“.\Nav—3P3B10G.xlsx”, “Sheet1 (2)!A2:C862”)

0 (3)

(0
TimeLVDT := LVDT (LVDT RawData,, 11) LVDTC :=LVDT (LVDTRawData,11)

(1 )

)
LVDTL:=LVDT (LVDTRawData,11) LVDTR:=LVDT (LVDTRawData,11)

v

340

255 125 510 595 680 765 850 935

> LVDTC (mm)
ol \ LVDTL (mm)
—59.51

68 AN LVDTR (mm)

TimeLVDT (s)

Fig D 13. LVDT displacements time history for pile group 4PS3B10
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Function for determining the tilting of the plate

selfac
Tilt (SpacingDCDLR , SpacingDLDR) := || k — (SpacingDCDLR) - mm + Nscale ~ °*°

sclfac
q— (SpacingDLDR) «mm - Nscale 0.0
for 7 € 0,1..rows (LVDTRawData) -1

(LVDTC —LVDTR)
m <«

k
(LVDT C — LVDTL )
n «— ‘ '
i k
(LVDTR, — LVDTL )
L i .

q

augment (m ,n, l)

Rot4P3S3B10:=augment (medsmooth (Tilt (7.1 , 7.8)(0) , 99) ,medsmooth <Tilt (7.1 , 7.8)(1) , 99) ,medsmooth (Tilt (7. 1, 7.8)(2) , 99))

Rot4P353B10" RotaP353B10Y RotaP353B10%?

0.05+
0.04+
0.03+
0.02

0.01+ /
5 ' ' ' ' " ' ' >

—_0.012 85 170 255 340 425 510 595 680 850 935

—0.02+
—0.03+

0.04+

0.05+
—0.06+
—0.07+
—0.08+

TimeLVDT (s)

Fig D 14. LVDT rotations time history for pile group 4PS3B10
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Appendix E
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P0S3B10 Helix Pile Group
1. Introduction
The series of sheets in Appendix E contains the data conversion and processing procedures specifically for the NIO3 centrifuge test series on
4P0S3B10 Smooth Pile Group. For the data conversion procedures, the raw data files were first corrected by subtracting the initial value of pre
spin data depending on file index. The data were then converted into engineering units through recalibrations of the strain gauges in the
centrifuge data logger.

2. HBM Data Conversion
HBM data were recorded by the HBM Data Logger connected to the main computer unit of the GeoCerf centrifuge.

2.1 General Information

2.1.1 Model Pile Dimensions

L:=271.8 mm
d:=12.7 mm
D:=38.1 mm
E:=169.1 mm
Hy:=150 mm
H,:=[150] mm

P :=m.D=0.1197 m
Hyp:=(H,— D)
P:=12.7T mm

2.1.2 Properties of Sand

y:=16.1 ﬂ3
m
p:=31.2 deg
3
§:=|—-p|=23.4d
(o]

2.1.3 Centrifuge Scale

NoSGages:=4

Nscale:=15
sclfac:= [1 2 3]

Length of the Pile
Diameter of the shaft
Diameter of the helix wale o Hdl- gt CL
Embedment depth of pile
Depth to bottom helix ] 7
Depth to top helix L L L
Perimeter of the Helical Pile Shaft i24
Effective Shaft Length 5 - .
Pitch of the helix 4L v
Lk H, $2(P2) = 15D
5{83(P3)=2.5D
$4 (P4) = 3.5D
Unit Weight L3 3
L T P -
4 P Ny
CV Friction Angle D |‘_'|D
PO P1 P2~P4
CV Dilation Angle Schematic of the model piles

1 refers to the Strain Gage at the bottom and 4 the Strain Gage at the top of the pile; Total No of Strain Gages: P0=2,
P3=4

Centrifuge g-level
Centrifuge scale factor N"scale, 1 for displacement , 2 for force, 3 for Moment
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2.1.5 Loading Conditions

™ _ 0.0055 2
mmn S

CmpRate:=0.33 Actuator Loading rate in compression

2.2 Calibration of the Strain Gages in HBM Data Logger

2.2.1 Calibration of Axial Strain Gages
RawDataCalib:= READEXCEL (“..\Finalized NIO1\Calibration SGages HBM Centrifuge Corrected.xlsx”, “Sheetl!Al:GlZ”)

4.427 1 0.076 0.104 0.149 0.098 0.132
7.97 1 0.152 0.171 0.23 0.195 0.244
13.606 1 0.391 0.295 0.343 0.287 0.336
4.427 2 0.048 0.06 0.078 0.091 0.1
7.97 2 0.053 0.114 0.114 0.136 0.194
RawDataCalib | 13606 2 0.088 0214 0.161 0.225 0.231
4.427 3 0 0.043 0.028 0.052 0.037
797 30 0.063 0.151 0.087 0.078
13.606 3 0 0.127 0.199 0.149 0.112
4427 4 0 0 0.089 0.035 0.028
797 40 0 0.109 0.067 0.055 Colm 0 represents calibration loads in kg, Colm 1 represents Strain Gage Number, Colm
13.606 4 0 0 0-145 0.127 0.141 2-6 represents Strain Gage HBM readings for piles P0,P1,P2,P3 and P4 respectively
CmbLdAz := RawDataCalib®” kg - g Load Combinations

CalibdataPile := submatrix (RawDataCalib, 0, rows (RawDataCalib) —1,2,6) - 107*. mTV HBM Strain Gage Data

Function for Calibration factor for all strain gages in each pile

571.237 417.443  201.369 443 328.804
514204 457.07  330.822 400.815  320.324
341251 452.303 380.007 464.91  397.111
004.450 723.567 556.50  47TT.077 434.14
1474.698  685.605 685.605 574.600  402.881
Azt | for & € 0,1...vows (CalibdataPile) -1 _| 1516242 623501 828753 593.019 577.616 | AN

0 1009.620 1550.501 834.885 1173.352 | my
for j € 0,1..cols (CalibdataPile) — 1 1240.619 517.609 898.379 1002.038 | —

0
v
k —CmbLdAz 0 1050.624 670.499  895.499 1191.333
o ) 0 0 487.798 1240.401 1550.501
q, ;+ CalibdataPile, 0 0 717.055 1166.552 1421.073
m —if g =0 0 0 920.202 1050.624  946.307
LR LN
0
else
k.

Calibration Factor. Here, the columns represents the Piles from PO to P4 (left to right) and the rows represents the Strain Gage
readings SG1 to SG4 (top to bottom) for three load combinations
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2.2.1 Calibration of Bending Strain Gages
RawDataCalibBend := READEXCEL (“.\CalibBendingRawData.xlsx”, “Sheet2!A2:113")

RawDataCalibBend =

2.404
4.411
9.357
2.404
4.411
9.357
2.404
4.411
9.357
2.404
4.411
9.357

212
212
212
147
147
147
120
120
120

85

85

85

R R W W W NN R =

0.003
0.0057
0.0129
0

0
0
0
0
0

0.0009

0.0021
0.0041

0.0031 0.0027
0.0048 0.0045
0.0124 0.0126
0 0.0019
0 0.0033
0 0.0085
0 0.0015
0 0.0026
0 0.0068
0.0011 0.0009
0.002 0.0017

0.0047 0.0046

CmbLoadMoment := RawDataCalibBend® kg-g

CmbMArm = RawDataCalibBend" mm

CalibdataPileM := submatrix (RawDataCalibBend ,0,rows (RawDataCalibBend) -1,3, 8) .

0.0023
0.0049
0.011

0.0022
0.0041
0.0089
0.0017
0.0033
0.0071
0.0012
0.0022
0.0047

0.0025
0.0055
0.016

0.0019
0.0039
0.009

0.0016
0.0035
0.0075
0.0012
0.0021
0.0043

Function for Calibration factor for all strain gages in each pile

CFBM := | for i € 0,1..rows (CalibdataPileM) — 1

m

m_ «if ¢
(] i,

J

I« CmbMArm.
iLj i,0

=0

q.  + CalibdataPileM
i, g iyj

for j € 0,1..cols (Calibdata.Pile.M) -1
k.« CmbLoadMoment 0
i i,

1.672
1.603
1.505
0

0
_|o
0
0

0
2.33
1.794
1.889

1.617
1.911
1.573

1.844
2.02

1.543
1.796
1.945
1.581
1.849
1.989
1.624
2.132
2.125
1.707

0.0024
0.0044
0.0104
0.0016
0.003

0.0069
0.0014
0.0024
0.0054
0.0009
0.0016
0.0032

2.164 2.04 2.127

1.887
1.762
1.568
1.54

1.519
1.645
1.578
1.562
1.656
1.71

1.656

1.661 2.108
1.214 1.88

1.863 2.113
1.643 2.099
1.5 1.958
1.736 2.08

1.475 2.136
1.464 2.032
1.698 2.227
1.751 2.327
1.814 2.437

Colm 0 represents calibration loads in kg, Colm 1 represents the moment arm, Colm 2
represents the Strain Gage Number, Colm 2-6 represents Strain Gage HBM readings for
piles POB1, POB2, P3B1,P3B2, P3B3 and P3B4 respectively

Load Combinations

Moment Arm Combinations

mv HBM Strain Gage Data

Calibration Factor. Here, the columns represents the Piles POB1, POB2, P3B1,P3B2, P3B3 and P3B4 respectively and the rows
represents the Strain Gage readings SG1 to SG4 (top to bottom) for three moment combinations
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2.3.2 Axial Load vs Time

Function for determining the Time, Displacemnt and Axial Load Distribution in each pile

ConvLd (RawdataHBM , PileNum , CF , smthn , LdType) := || RawDataSG « || it LdType =1
” . my
| —submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,9 ,12) +——
v

elseif LdType =2

mV
—submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,1, 4) ——

\ 4

else

mV
—submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,5 , 8) ——
\4

for i € 0,1..rows (RawDataSG) — 1

for j € 0,1..cols (RawDataSG) — 1

q  + RawDataSG - RawDataSG
i i 0.5

SG1. || if LdType=1

selfac
4, ,mean (submatrix (CF , 0, 2, PileNum , PileNum)) + Nscale : 1)
i

else

selfac
a; - mean (submatrix (CF , 0, 2, PileNum , PileNum)) « Nscale 0, 2)
i

5G2 —

LdType = 1

sclfac
q; - mean (submatrix (CF, 3, 5, PileNum , PileNum)) « Nscale ’ 1)
i,

else

i,

sclfac
q; - mean (submatrix (CF, 3, 5, PileNum , PileNum)) + Nscale o,)

SG3 —

LdType =1
selfac
g, ,mean (submatrix (CF , 6 , 8 , PileNum , PileNum)) « Nscale 0,1
i,
else

selfac
[q , * mean (submatrix (CF , 6, 8 , PileNum , PileNum)) « Nscale 0, 2)
i,

5G4 —

LdType = 1
selfac
a; - mean (submatrix (CF , 9, 11, PileNum , PileNum)) + Nscale 0,1
i3

else

selfac
[q 4+ mean (submatrix (CF, 9, 11, PileNum , PileNum)) + Nscale 0, 2]
i3

augment (medsmooth (SGI(O) s smthn> ;» medsmooth (SGZ(I) s smthn) » medsmooth (SGS(Z) s smthn) , medsmooth (SG4(3) s smthn))

Function for determining the time and displacement

TimeZero (RawdataHBM) := || TimeP « submatrix (RawdataHBM , 0 , rows (RawdataHBM) —1,0,0) s
for ¢ € 0,1..rows (TimeP) -1

k — (TimeP‘ — TimePD)

CmpRat
q— —(Tz'meP_ - TimePO) -% .100

augment (k s q)
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There were two strain gages placed within the PO pile. The following sub sections provides the details on the load distributions:

G4P0S3B10HBM := READEXCEL (“.\3POB

10G.xlIsx”, “Sheet1 (2)!A3:M8263")

TimeDispG4P0S3B10 :=TimeZero (GAPOS3B10HBM)

AzLdGAPOS3B10 := ConvLd (G4APOS3B10HBM ,0,CFAzl, 11, 1)

1500

1350

1200

1050

600+

A

G4P0S3B10H.

1500+

1350+

1200+

1050+

900+

750+

150

300+

150+

A

1

G4P0S3B10HBM (
S

.s)

»

450+
300+
150+
—0.0005-0.0004-0.0004-0.0003-0.0002-0.0002-0.000+0.0001 0.0001 0.0001 0.0002
G4P0S3B10HBM"

Y
—0.0066.006d.006d.0066.0066.0062.0062.0060.0001 (

GAP0S3B10HBM"

»
0.0001

Fig E 1. Rawdata axial load time history for pile group 4POS3B10
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TimeDispG4P0S3B10° (s)

850+
765

680

510+
1251
340+
255+
170+

85+

v

0 10 20 30 40 50 60 70 80 90 100 110 120 130

AxLdG4P0S3B10Y (kN)

AzLdG4P0S3B10% (kN)

Fig E 2. Axial Load time history for pile group 4P0S3B10
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TimeDispG4P0S3B10%

»
1

70 80 90 100 110 120 130

AzLdG4P0S3B10"” (kN)  AxzLdG4P0S3B10Y (kN)

Fig E 3. Axial Load -displacement for pile group 4POS3B10
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Functions for determining the Q distribution profile at strain gauge location

TOL :=0.00000001

SGplotQP (AzLdGAP3S2B0 , TimeDispGAP352B0 , PileNum)

= | | QPO — it PileNum =0

augment (lookup (~5 , TimeDispGaP3s2B01) | AzzdcarssaBol®) | near”) | 1ookup (~10 , TimeDispGarssaoll) | AzLdcarss2B00) | “near”) | lookup (~15 , TimeDispcaras2Boll) | Asrdcarss2Bo® | “near) , tookup (20 , TimeDispaaras2po®) | Azracarssaol® | near))
clse
augment (lookup (~2.5 , TimeDispGar3s250t) | AzLdGarss2no® | “near) | 1ookup (=5 , TimeDispGarss2B01) | AzLacarss2Bol®) | “near) | tookup (~7.5 , TimeDispGarssanoll) | Azracarss2pol® | near) | 1ookup (—10 , TimeDispGar3s2B01) | AzLdcarssanol®) | “near))
QP — it PileNum=0
augment (lookup (=5 , TimeDispGapss2Bot) | AzLacapss2Bo") | near) , tookup (<10 , TimeDispGarssanolV) | Azracarssapoll) | “near) | 1ookup (<15 , TimeispGarssanoll) | Azracarssapoll) | “near) , 1ookup (20, TimeDispGaras2B01) | AzLcapssanoll) | “near))
clse
augment (lookup (~2.5 , TimeDispGar3s250t) | AzLdGarssanoll) | “near) | 1ookup (=5 , TimeDispGarss2Bo1) | AzLdcarss2po) | “near) | ookup (~7.5 , TimeDispGarssanoll) | Azracarasapoll) | “near”) , 1ookup (~10 , TimeDispGar3s2501) | AzLdcapssanoll) | “near))
QP2  augment (lookup (~2.5, TimeDispGap3s2B0lY) | AzLdGapss2ol? | “near”) , lookup (-5 , TimeDispGapss2BolY) | AsLdGapss2ol? | “near”) , lookup (~7.5 , TimeDispG. (1) | AsLdc ) “near”) , lookup (~10, TimeDispGap3s2oll) | AsLdcapssaBo? | “near”))
QP3 — augment (lookup (~2.5, TimeDispGapss2BolY) | AzLdGapss2Bo® | “near”) , lookup (-5 , TimeDispGap3s2BolY) | AsLdGapss2Bo® | “near”) , lookup (~7.5 , TimeDispGapss2Boll) | AvLdGapss2Bo® | “near”) , lookup (~10, TimeDispGapss2oll) | AvLdcapss2Bo®) | “near”))

combined «— if PileNum =0

stack (QPO , QP1, QP1, QP1, QP1, QP1)

else

stack (QPO , QP1, QP1, QP2 , QP2 , QP3)

combined
6.4765 13.8781 25.4432 32.6907
31156 54.3125 65.2501 69.8904
Qdist4P0S3B10 := SGplotQP (AzLdGAPOS3B10 , TimeDispG4P0S3B10,0) = | 31:156  54.3125 652591 69.8904 1

31.156  54.3125 65.2591 69.8904
31.156  54.3125 65.2591 69.8904
31.156  54.3125 65.2591 69.8904

0.6+3.5 0.6+3.5
0.6 0.6 +2

SGEmbDP := —

0.6 +2

0
8 8:2:1 PO to P4. Row 0 to 5 represents depth to strain SG 1 to 4
0

.D-Nscale " SG embedment depth in prototype scale. Here, colm 0-4 represents

0.6



Appendix E
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P0S3B10 Helix Pile Group

SGEmbDP®) (m)

0.151+

—0.1

v

—0.35+

—0.61

—0.85+

—1.1+

—2.1+

QdistaP0S3B10" (kN)  QdistaP0S3B10" (kN)

QdistaP0S3B10% (kN)  Qdist4P0S3B10° (kN)

Fig E 4. Axial Load -depth for pile group 4P0S3B10



2.3.3 Bending Moment vs Time

Appendix E
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P0S3B10 Helix Pile Group

BM1G4P0S3B10:=ConvLd (G4P0S3B10HBM ,1,CFBM ,999,2)

BM2G4P0S3B10:= ConvLd (G4POS3B10HBM ,0,CFBM , 999, 3)

A

150

300

150

}
-1.1 -1 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 % 0.1

G4P0S3B10HBM"Y

»
1

G4P0S3B10HBM" (i-s
S

|

1500+
1350+
1200+

1050+
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600+
150+
300+
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A

»

[ t )
—0.0001

) 0.0000.0000.000@.000@.0008.0008.0008.0008.0005

G4P0S3B10HBMY

Fig E 5. Raw Data Bending Moment 1 for pile group 4P0S3B10
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. . (0)
Tz'meDispG’4POS3310<0> | TimeDispGAPOS3B10 (s)

<
170 51
85 ' | | - - - | 0 | | >
—1.75-1.5-1.25 —1 —0.75-0.5-0.25 0 0.25 0.5 0.75
N — s [

-
—250 0 250 500 750 1000125015001750200022502500 (3>
BM1G4P0S3B10" (m-kN)

BM1G4P0S3B10"” (m-kN)

Fig E 6. Bending Moment 1 time history for pile group 4P0S3B10
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' ' ' ' ' » 2

250 500 750 1000 1250 1500 1750 2000 2250 2500

TimeDispG4P0S3B10 TimeDispG4P0S3B10%

—o—;_ﬁ
—I(LS‘:

BM1G4P0S3B10"” (m-kN) BM1G4P0S3B10% (m-kN)

Fig E 7. Bending Moment 1 - displacement for pile group 4P0OS3B10

SGplotQP (AzLdGAP3S2B0 , TimeDispGAP352B0 , PileNum) := | || QPO « if PileNum =0

augment (lookup (=5 , TimeDispGaras250!) | AcraGaPas2Bo® | snear) , tookup (<10 , TimeDispGaras2polV) | aztacarss2po® | “near) | 1ookup (<15 , TimeDispGapas2nol) | AzrdGarss20) | “near”) | 1ookup (~20 , TimeDispG4Pas2po) | AzrdGapas2po®) | snear))
clse
augment (lookup (~2.5 , TimeDispGar3s250t) | AzLdGarss2po® | “near) | 1ookup (=5 , TimeDispGarss2B01) | AzLdcarss2Bol®) | “near) | tookup (~7.5 , TimeDispGarssanoll) | Azracarss2po® | “near) | 1ookup (—10 , TimeDispGarss2B01) | AzLdcarssanol®) | “near))
QP — it PileNum=0
augment (lookup (=5 , TimeDispGapssaBot) | AzLaGapss2B0® | near) , tookup (<10 , TimeDispGapssanoll) | AzrdcapssaBo® | near) , 1ookup (<15 , TimeDispGar3s2no) | AzLdGarss2ol) | “near) , 1ookup (20, TimeDispGaras2B01) | AzLdcapssano® | wnear))
else
augment (lookup (~2.5 , TimeDispGaP3s250t) | AzLdGarssanoll) | “near) | 1ookup (=5 , TimeDispGarss2B01) | AzLacarss2po) | “near”) | ookup (~7.5 , TimeDispGarssanoll) | Azracaras2poll) | “near”) , 1ookup (~10 , TimeDispGaP3s250) | AzLdcapssanoll) | “near?))
(1) | AsLdc ) “near”) , lookup (~10 , TimeDispGapss2Boll) | AcLdcapss2Bo? | “near”))
QP3 — augment (lookup (~2.5, TimeDispGapss2BolY) | AzLdGapss2Bo® | “near”) , lookup (-5 , TimeDispGapss2BolY) | AsLdGapss2Bo® | “near”) , lookup (~7.5 , TimeDispGapss2Boll) | AsLdGapss2Bo® | “near”) , lookup (~10, TimeDispGapss2oll) | AvLdcapss2Bo®) | “near”))

QP2 — augment (lookup (~2.5, TimeDispGaP3s2B0lY) | AzLdGapss2Bol? | “near”) , lookup (-5 , TimeDispGapss2BolY) | AsLdGapss2ol? | “near”) , lookup (~7.5 , TimeDispG.

combined «— if PileNum =0

stack (QPO , QP1, QP1, QP1, QP1, QP1)

else

stack (QP0 , QP1, QP1, QP2 , QP2 , QP3)

combined

BMMaxdist4P0S2B0 := SGplotQP (BM 1G4P0S3B10 , TimeDispG4P0S3B10, O) =

79.7825 1465.366

0.5048
0.5048
0.5048
0.5048
0.5048

12

0.6931
0.6931
0.6931
0.6931
0.6931

—91.2355
0.5733
0.5733
0.5733
0.5733
0.5733

70.3968
0.2225
0.2225
0.2225
0.2225
0.2225



Appendix E
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P0S3B10 Helix Pile Group

SGEmbDPY (m)

v

; N ; ; ; ; ; ; ; ; ; ;
—150 ) 150 300 450 600 750 900 1050 1200 1350 1500

BMMaxdist4P0S52B0° (m-kN) BMMaxzdistdP0S2B0" (m-kN)

BMMazdist4aP0S2B0® (m-kN) BMMaxdist4P0S2B0® (m-kN)

Fig E 8. Bending Moment 1 - depth for pile group 4P0OS3B10
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Appendix E

G4P0S3B10HBM" (l.s)

S

»
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Fig E 9. Raw Data Bending Moment 2 for pile group 4P0S3B10
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Appendix E
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P0S3B10 Helix Pile Group

() (0)
TimeZero (G4POS3B10HBM) (s) TimeZero (G4POS3B10HBM) (s)

850+ 850+
765+ 765+
680+ 680+
595+ 595+
510+ 510+
425+ 425+
340+ 340+

;7(1 T 170+

85+ 851

—1855-1790-1725-1660-1595-1530-1465-1400-1335-1270-1205-1140 1 N ] 1.5 3 4.5 6 7.5 9 10.5 12 13.5 15 >
BM2G4P0S3B10"” (m-kN) BM2G4P0S3B10" (m-kN)

Fig E 10. Bending Moment 2 time history for pile group 4P0S3B10

1

)
TimeZero (G4POS 3B10HBM )

1

(1)
TimeZero (G4POS 3B10HBM )

A

2.5 A

—200018004600140012001006-800-600-400-200 ¢ 200

» >

6 75 9 105 12 13,5 15

(.
BM2G4P0S3B10°) (m-kN) BM2G4P0S3B10” (m-kN)

Fie E 11. Bendineg Moment 2 - displacement for pile eroun 4P0S3B10
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—1716.6308 —1672.5733 —1467.0388 —1452.8049

1.8715 3.9867 5.7607 7.6711
BMMindist4P0S2B0 = SGplotQP (BM2G4P0S3B10 , TimeDispG4P0S3B10 ,0) = 1222 g'gzg; g;gg; ;g;ﬂ m kN
1.8715 3.9867 5.7607 7.6711
1.8715 3.9867 5.7607 7.6711

SGEmbDPY (m)

—1800 —1600 —1400 —1200 —1000 —800 —600 —400 —200 ( 200

BMMindist4aP0S2B0"° (m-kN) BMMindist4P0S2B0" (m-kN)

BMMindist4P0S2B0? (m-kN) BMMindistAP0S2BO®) (m-kN)

Fig E 12. Bending Moment 2 - depth for pile group 4P0S3B10
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2.3.4 LVDT vs Time
Function for determining the time and displacement from LVDT

LVDT (LVDTRawData , smthn) := | TimeLVDT « submatrix (LVDTRawData , 0 , rows (LVDTRawData) —1,0,0) s

LVDT1 «+ medsmooth (submatrix (LVDTRawData ,0,rows (LVDTRawData) -1,1, 1) mm , smthn)
LVDT?2 «— medsmooth (submatrix (LVDTRawData ,0,rows (LVDTRawData) -1,2, 2) mm , smthn)
for 2 € 0,1..rows (LVDTRawData) -1

k — (TimeLVDT - TimeLVDTU)

Ifac

q— —(LVDTI_ - LVDTlO) «Nscale °°

sclfac
mv<——(LVDT2v—LVDT2O) « Nscale 0.0

sclfac
n «— 7(TimeLVDT> - TimeLVDTD) .CmpRate - Nscale  °*°

augment (k ,q,m, n)

LVDTRawData:= READEXCEL (“.\Nav—3P0B10G.xlsx”, “Sheet1 (2)!A2:C828")

() (3)
TimeLVDT := LVDT (LVDT RawData,, 11) LVDTC:=LVDT (LVDTRawData,11)
(1) (2)
LVDTL:=LVDT (LVDTRawData,11) LVDTR:=LVDT (LVDTRawData,11)
. i)[ 84, 170 255 340 125 510 595 680 765 850 g
—15
—22.5
ol LVDTC (mm)
—37.5
—454 LVDTL (mm)
—52.5+
601 LVDTR (mm)
—67.51

TimeLVDT (s)

Fig E 13. LVDT displacements time history for pile group 4POS3B10
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Function for determining the tilting of the plate

selfac
Tilt (SpacingDCDLR , SpacingDLDR) := || k — (SpacingDCDLR) - mm + Nscale ~ °*°

sclfac
q— (SpacingDLDR) «mm - Nscale 0.0
for 7 € 0,1..rows (LVDTRawData) -1
(LVDTC - LVDTR)

m <
i

k
(LVDTC — LVDTL )
n <«
i k
(LVDTR, — LVDTL )

l —
! q

augment (m ,n, l)

Rot4P0S3B10:=augment (medsmooth (Tilt (7.7 , 7.8)(0) , 99) ,medsmooth <Tilt (7.7 , 7.8)(1) , 99) ,medsmooth (Tilt (7.7 , 7.8)(2) , 99))

Rot4P0S3B10" Rot4P0S3B10 Rot4P0S3B10%?

0.01+

0.01 85 170 255 340 125 510 595 680 765 850

—0.02+
—0.03+
—0.041
—0.05+
—0.06+

0.07+
—0.08+
—0.09+

—0.1+
—-0.11+

TimeLVDT (s)

Fig E 14. LVDT rotations time history for pile group 4P0S3B10
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Appendix F
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S3B0 Helix Pile Group
1. Introduction
The series of sheets in Appendix F contains the data conversion and processing procedures specifically for the NIO3 centrifuge test series on
4P3S3B0 Helix Pile Group. For the data conversion procedures, the raw data files were first corrected by subtracting the initial value of pre spin
data depending on file index. The data were then converted into engineering units through recalibrations of the strain gauges in the centrifuge
data logger.

2. HBM Data Conversion
HBM data were recorded by the HBM Data Logger connected to the main computer unit of the GeoCerf centrifuge.

2.1 General Information

2.1.1 Model Pile Dimensions

L:=271.8 mm
d:=12.7 mm
D:=38.1 mm
E:=169.1 mm
Hy:=150 mm
H,:=[150] mm

P :=m.D=0.1197 m
Hyp:=(H,— D)
P:=12.7T mm

2.1.2 Properties of Sand

y:=16.1 ﬂ3
m
p:=31.2 deg
3
§:=|—-p|=23.4d
(o]

2.1.3 Centrifuge Scale

NoSGages:=4

Nscale:=15
sclfac:= [1 2 3]

Length of the Pile
Diameter of the shaft
Diameter of the helix wale o Hdl- gt CL
Embedment depth of pile
Depth to bottom helix ] 7
Depth to top helix L L L
Perimeter of the Helical Pile Shaft i24
Effective Shaft Length 5 - .
Pitch of the helix 4L v
Lk H, $2(P2) = 15D
5{83(P3)=2.5D
$4 (P4) = 3.5D
Unit Weight L3 3
L T P -
4 P Ny
CV Friction Angle D |‘_'|D
PO P1 P2~P4
CV Dilation Angle Schematic of the model piles

1 refers to the Strain Gage at the bottom and 4 the Strain Gage at the top of the pile; Total No of Strain Gages: P0=2,
P1=3, P2 to P4=4

Centrifuge g-level
Centrifuge scale factor N"scale, 1 for displacement , 2 for force, 3 for Moment
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2.1.5 Loading Conditions

™ _ 0.0055 2
mmn S

CmpRate:=0.33 Actuator Loading rate in compression

2.2 Calibration of the Strain Gages in HBM Data Logger

2.2.1 Calibration of Axial Strain Gages
RawDataCalib:= READEXCEL (“..\Finalized NIO01\Calibration SGages HBM Centrifuge Corrected.xlsx”, “Sheetl!Al:GlZ”)

4.427 1 0.076 0.104 0.149 0.098 0.132
7.97 1 0.152 0171 0.23 0.195 0.244
13.606 1 0.391 0.295 0.343 0.287 0.336
4.427 2 0.048 0.06 0.078 0.091 0.1
7.97 2 0.053 0.114 0.114 0.136 0.194
RawDataCalib | 13:606 2 0.088 0214 0.161 0.225 0.231
4.427 3 0 0.043 0.028 0.052 0.037
797 30 0.063 0.151 0.087 0.078
13.606 3 0 0.127 0.199 0.149 0.112
4427 4 0 0 0.089 0.035 0.028
797 40 0 0.109 0.067 0.055 Colm 0 represents calibration loads in kg, Colm 1 represents Strain Gage Number, Colm
13.606 40 0 0-145 0.127 0.141 2-6 represents Strain Gage HBM readings for piles P0,P1,P2,P3 and P4 respectively
CmbLdAz := RawDataCalib®” kg - g Load Combinations

CalibdataPile := submatrix (RawDataCalib, 0, rows (RawDataCalib) — 1,2, 6)-107*. mTV HBM Strain Gage Data

Function for Calibration factor for all strain gages in each pile

571.237 417.443  201.369 443 328.804
514204 457.07  330.822 400.815  320.324
341251 452.303 380.007 464.91  397.111
004.450 723.567 556.50  47T.077 434.14
1474.698  685.605 685.605 574.600  402.881
Azt | for i € 0,1...vows (CalibdataPile) -1 _| 1516242 623501 828753 593.019 577.616 | AN

0 1009.620 1550.501 834.885 1173.352 | my
for j € 0,1..cols (CalibdataPile) — 1 1240.619 517.609 898.379 1002.038 | —

0
v
k —CmbLdAz 0 1050.624 670.499  895.499 1191.333
o ) 0 0 487.798 1240.401 1550.501
q, ;+ CalibdataPile, 0 0 717.055 1166.552 1421.073
m —if g =0 0 0 920.202 1050.624  946.307
LR LN
0
else
k.

Calibration Factor. Here, the columns represents the Piles from PO to P4 (left to right) and the rows represents the Strain Gage
readings SG1 to SG4 (top to bottom) for three load combinations
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Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S3B0 Helix Pile Group

2.2.1 Calibration of Bending Strain Gages
RawDataCalibBend := READEXCEL (“.\CalibBendingRawData.xlsx”, “Sheet2!A2:113")

RawDataCalibBend =

2.404
4.411
9.357
2.404
4.411
9.357
2.404
4.411
9.357
2.404
4.411
9.357

212
212
212
147
147
147
120
120
120

85

85

85

R R W W W NN R =

0.003
0.0057
0.0129
0

0
0
0
0
0

0.0009

0.0021
0.0041

0.0031 0.0027
0.0048 0.0045
0.0124 0.0126
0 0.0019
0 0.0033
0 0.0085
0 0.0015
0 0.0026
0 0.0068
0.0011 0.0009
0.002 0.0017

0.0047 0.0046

CmbLoadMoment := RawDataCalibBend® kg-g

CmbMArm = RawDataCalibBend" mm

CalibdataPileM := submatrix (RawDataCalibBend ,0,rows (RawDataCalibBend) -1,3, 8) .

0.0023
0.0049
0.011

0.0022
0.0041
0.0089
0.0017
0.0033
0.0071
0.0012
0.0022
0.0047

0.0025
0.0055
0.016

0.0019
0.0039
0.009

0.0016
0.0035
0.0075
0.0012
0.0021
0.0043

Function for Calibration factor for all strain gages in each pile

CFBM := | for i € 0,1..rows (CalibdataPileM) — 1

m

m_ «if ¢
(] i,

J

I« CmbMArm.
iLj i,0

=0

q.  + CalibdataPileM
i, g iyj

for j € 0,1..cols (Calibdata.Pile.M) -1
k.« CmbLoadMoment 0
i i,

1.672
1.603
1.505
0

0
_|o
0
0

0
2.33
1.794
1.889

1.617
1.911
1.573

1.844
2.02

1.543
1.796
1.945
1.581
1.849
1.989
1.624
2.132
2.125
1.707

0.0024
0.0044
0.0104
0.0016
0.003

0.0069
0.0014
0.0024
0.0054
0.0009
0.0016
0.0032

2.164 2.04 2.127

1.887
1.762
1.568
1.54

1.519
1.645
1.578
1.562
1.656
1.71

1.656

1.661 2.108
1.214 1.88

1.863 2.113
1.643 2.099
1.5 1.958
1.736 2.08

1.475 2.136
1.464 2.032
1.698 2.227
1.751 2.327
1.814 2.437

Colm 0 represents calibration loads in kg, Colm 1 represents the moment arm, Colm 2
represents the Strain Gage Number, Colm 2-6 represents Strain Gage HBM readings for
piles POB1, POB2, P3B1,P3B2, P3B3 and P3B4 respectively

Load Combinations

Moment Arm Combinations

mv HBM Strain Gage Data

Calibration Factor. Here, the columns represents the Piles POB1, POB2, P3B1,P3B2, P3B3 and P3B4 respectively and the rows
represents the Strain Gage readings SG1 to SG4 (top to bottom) for three moment combinations
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2.3.2 Axial Load vs Time

Function for determining the Time, Displacemnt and Axial Load Distribution in each pile

ConvLd (RawdataHBM , PileNum , CF , smthn , LdType) := || RawDataSG « || it LdType =1
” . my
| —submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,9 ,12) +——
v

elseif LdType =2

mV
—submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,1, 4) ——

\ 4

else

mV
—submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,5 , 8) ——
\4

for i € 0,1..rows (RawDataSG) — 1

for j € 0,1..cols (RawDataSG) — 1

q  + RawDataSG - RawDataSG
i i 0.5

SG1. || if LdType=1

selfac
4, ,mean (submatrix (CF , 0, 2, PileNum , PileNum)) + Nscale : 1)
i

else

selfac
a; - mean (submatrix (CF , 0, 2, PileNum , PileNum)) « Nscale 0, 2)
i

5G2 —

LdType = 1

sclfac
q; - mean (submatrix (CF, 3, 5, PileNum , PileNum)) « Nscale ’ 1)
i,

else

i,

sclfac
q; - mean (submatrix (CF, 3, 5, PileNum , PileNum)) + Nscale o,)

SG3 —

LdType =1
selfac
g, ,mean (submatrix (CF , 6 , 8 , PileNum , PileNum)) « Nscale 0,1
i,
else

selfac
[q , * mean (submatrix (CF , 6, 8 , PileNum , PileNum)) « Nscale 0, 2)
i,

5G4 —

LdType = 1
selfac
a; - mean (submatrix (CF , 9, 11, PileNum , PileNum)) + Nscale 0,1
i3

else

selfac
[q 4+ mean (submatrix (CF, 9, 11, PileNum , PileNum)) + Nscale 0, 2]
i3

augment (medsmooth (SGI(O) s smthn> ;» medsmooth (SGZ(I) s smthn) » medsmooth (SGS(Z) s smthn) , medsmooth (SG4(3) s smthn))

Function for determining the time and displacement

TimeZero (RawdataHBM) := || TimeP « submatrix (RawdataHBM , 0 , rows (RawdataHBM) —1,0,0) s
for ¢ € 0,1..rows (TimeP) -1

k — (TimeP‘ — TimePD)

CmpRat
q— —(Tz'meP_ - TimePO) -% .100

augment (k s q)
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There were four strain gages placed within the P3 pile. The following sub sections provides the details on the load distributions:
G4P3S3BOHBM := READEXCEL (“.\3P3B0G.xlsx” , “Sheet1 (2)!A3:M8433”)
TimeDispG4P3S3B0 :=TimeZero(GAP3S3BOHBM)

AzLdGAP3S3B0 := ConvLd (GAP3S3BOHBM ,3,CFAzl, 111, 1)

A
13501
e
1050}
900}
7504 1
0
o0} GAP3S3BOHBI GA4P3S3BOHBM") ( -s)
450 450+ S
300+ 300+
150+ 150+
, , , , , , , , , 8 , > 6 >
—0.045-0.0405-0.036-0.0315-0.027-0.0225-0.018-0.0135-0.009-0.0045 O  0.0045 —0.0066.0068.0068.0068.006@.0060.0001 ¢ 0.0000.0000.0002
10
GAP3S3BOHBM") G4P3S3BOHBM"
A
1350 .
1200+ 1350+
1200+
1050
1050+
900 900+
750 1 750+ 1
. 0
600 GAP3S3BOHBM®© (.5 00t GAP3S3BOHBM" |~ .s
S 450+ 8
450
3001
300 150+
150+ o >
0.000.00.008.004.006.006.007.008.009.0D.010.012.013
0 > )
0.0146.020.0336.048.0526.060.0716.080.09050.10.1096.119 12
GAP3S3BOHBM™?

G4P3S3BOHBM"
Fig F 1. Rawdata axial load time history for pile group 4P3S3B0
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Appendix F
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S3B0 Helix Pile Group

TimeDispG4P3S 380" (s) TimeDispG4P3S 380" (s)

v

-10

o
(

)

10 20 30 40 50 60 70 80 90 100

»
>

; ; o ; ; ; ; ; ; ;
—-3000 —1500 ﬁ 1500 3000 4500 6000 7500 9000 10500

AzLdG4P353B0" (kN)

—AzLdG4P353B0% (kN)

AzLdG4P353B0" (kN)

AxLdG4P3S3B0% (kN)

Fig F 2. Axial Load time history for pile group 4P3S3B0
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. . 1 . . 1
szeDzspG4P35’3BO( ) szeDzspG4P35’3B0( )
A 33.3333 A
05 B et “:‘ L A =
—2([]] B 10 60 80 100 120 140 160 180 200 73“(][%15(](() B 1500 3000 4500 6000 7500 900010500

e}

\\ s

—11.5¢+ — I
AzLdG4P3S3B0Y (kN) —AzLdG4P3S3B0? (kN)
AzLdG4P3S3B0Y (kN) AzLdG4P3S3B0Y (kN)

Fig F 3. Axial Load -displacement for pile group 4P3S3B0
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Functions for determining the Q distribution profile at strain gauge location
TOL :=0.00000001

SGplotQP (AzLdGAP3S2B0 , TimeDispGAP3S2B0 , PileNum) = QPO « if PileNum =0
augment (lookup (~5 , TimeDispGaP3s2801) | AzrdcarssaBol®) | near”) | 1ookup (~10 , TimeDispGarssaoll) | AzLdcarss2B0) | “near”) | lookup (<15 , TimeDispcaras2poll) | Arrdcaras2Bo® | “near) , ookup (20 , TimeDispaaras2Bo™) | Azracarssaol® | near))
else
augment (lookup (~2.5 , TimeDispGar3s250t) | AzLdGarss2no® | “near) | 1ookup (=5 , TimeDispGarss2B01) | AzLdcarss2Bo®) | “near”) | tookup (~7.5 , TimeDispGarssanoll) | Azracarss2pol® | “near) | 1ookup (~10 , TimeDispGar3s250) | AzLdcarssanol®) | “near))
QP1 — if PileNum=0
augment (lookup (=5 , TimeDispGapssaBot) | ArLacapss2Bo") | near) , tookup (<10 , TimeDispGarssapolV) | Azracapssapoll) | “near) | 1ookup (<15 , TimeispGapssanol) | AzLacarssapoll) | “near) , 1ookup (20, TimeDispGaras2B0) | AzLdcapssanoll) | “near))
else
augment (lookup (~2.5 , TimeDispGaP3s250X) | AzLdGarssanolV) | “near) | 1ookup (=5 , TimeDispGarss2B01) | AzLacarss2po) | “near) | ookup (~7.5 , TimeDispGarssanoll) | Azracarasapoll) | “near”) , 1ookup (~10 , TimeDispGar3s2501) | AzLdcarssanoll) | “near))
QP2 — augment (lookup (~2.5, TimeDispGap3s2B0lY) | AzLdGapss2Bol? | “near”) , lookup (-5 , TimeDispGap3s2BolY) | AsLdGapss2Bol? | “near”) , lookup (~7.5 , TimeDispG. (1) | AsLdc ) “near”) , lookup (~10, TimeDispGapss2oll) | AvLdcapss2Bo? | “near”))
QP3 — augment (lookup (~2.5, TimeDispGap3s2BolY) | AzLdGapss2Bo® | “near”) , lookup (-5 , TimeDispGapss2BolY) | AsLdGapss2Bo® | “near”) , lookup (~7.5 , TimeDispGapss2Boll) | AvLdGapss2Bo® | “near”) , lookup (~10, TimeDispGapss2oll) | AvLdcapss2Bo®) | “near”))

combined «— if PileNum =0

stack (QPO , QP1, QP1, QP1, QP1, QP1)

else

stack (QP0 , QP1, QP1, QP2 , QP2 , QP3)

combined

23.0565 35.0799 47.1032 55.7318
12.9775 18.4885 19.3774 34.3105
12.9775 18.4885 19.3774 34.3105

dist4P3S3B0 := SGplotQP (AxLdGAP3S3B0 , TimeDispGAP3S3B0 , 3) =
QuistAP3S3B0 = SGplotQP (AzLAGAP3S3B0, TimeDispGAP3S3BO,3)= | 111 o1 _1310.4757 —8641.9413 —10061.9969

1714.4094 —1319.4757 —8641.9413 —10061.9969

358.7574 352.4044 525.0564 1004.1471
0.6+3.5 0.6+3.5

0.6  0.6+2
sclfac .
SGEmbDP:=—| ° 0.6+2 1 p.Nscale” *°  SG embedment depth in prototype scale. Here, colm 0-4 represents
0 0.6+1 .
0 0.6+ 1 PO to P4. Row 0 to 5 represents depth to strain SG 1 to 4
0 0.6
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SGEmbDPY (m)

t t y t t t t t t t t t t t
—2000 —1000 l‘ 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000
—0.15

—0an
—0.55
—0.75

—0.95

—-1.15
—-1.35
—1.55
-1.75
—1.95
-2.15

—-2.35

QdistaP353B0Y) (kN)

—Qdist4P353B0" (kN)

—QdistaP3S3B0? (kN)

—Qdist4P353B0° (kN)

Fig F 4. Axial Load -displacement for pile group 4P3S3B0
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2.3.3 Bending Moment vs Time
BM1G4P3S3B0:=ConvLd (G4AP3S3BOHBM ,4,CFBM ,999,2)

BM2G4P3S3B0:=ConvLd (G4P3S3BOHBM ,2 ,CFBM ,999, 3)

A
1350+
1200+
1050+
900+
0) 1 750+ 1
G4P3S3BOHBM" [=.s w.  GAP3S3BOHBM®" [Z.s
s s
450+
300
300+
150
150+
‘ 7(‘).-’rl)‘. 'lfr(‘l, l—l)‘.iifr(‘l.ik()‘.‘lfr(‘J.Zf()‘. I-rrl‘l.lf(l‘,(JS\ % ().;15 . 4
—0.062.0040.0040.0046.004G.0046.0046.004@.0046.004@.0011
1) i
GAP3S3BOHBM! GAP3S3BOHBM"
A A
1350 1350+
1200 1200+
1050 1050+
900 900+
750 1 750 1
0
600 G4P3S3BOHBM" [~.s w.  GAP3S3BOHBMD© [=.s
150 s 150+ s
300 300+
150 150+
-1 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0.1 T 0,016 512510 510500508500 HO6H6HOLOGHOH0 D005
G4P3S3BOHBM® 1)
G4P3S3BOHB

Fig F 5. Raw Data Bending Moment 1 for pile group 4P3S3B0
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Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S3B0 Helix Pile Group

) : ©)
TimeZero(GAP3S3BOHBM)  (s) TimeZero(GAP3S3BOHBM) ~ (s)
850
765
680
595
510
425
340
170
85
—100 ! 100 200 300 400 500 600 700 800 900 1000 > ‘ 39 —32.5 26 195 13 6.5 (\" 6.5 13 19.5 26 32.5 g
BM1G4P353B0"” (m-kN) BM1G4P3S3B0" (m-kN) BM1G4P353B0% (m.kN)

BM1G4P3S3B0" (m-kN)

Fig F 6. Bending Moment 1 time history for pile group 4P3S3B0
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Appendix F
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S3B0 Helix Pile Group

1 (@)

) :
TimeZero(G4P3S3BOHBM) TimeZero(G4P3S3BOHBM)

v

»

30 25 220 315 410 505 600 695 790 885 980 6% 13 19.5 26 32.5

BM1G4P3S3B0" (m-kN) BM1G4P353B0% (m.kN)

BM1G4P3S3B0") (m-kN) BM1G4P3S3B0" (m-kN)

Fig F 7. Bending Moment 1 - displacement for pile group 4P3S3B0

170.2746 581.4408 739.355 346.6618
~0.3734 05033  0.5033 —1.2257

BMMaadist4P3S3B0 = SGplotQP (BM1GAP3S3B0 , TimeDispGAP3S3B0 , 3) = _g'ggig g'ggig g';’?gz _;‘332; m-kN
~0.2349  0.0909 —0.2198 —2.1068

—2.4489 —3.3533 —16.7324 —29.608
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Appendix F
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S3B0 Helix Pile Group

SGEmbDPY (m)

—80 ) 80 160 240 320 400 480 560 640 720 800

—0.15

—0.95

—1.15

—1.95

-2.15

BMMazdist4P353B0"° (m-kN) BMMaxdist4P3S3B0" (m-kN)

BMMaaxdist4P353B0® (m-kN) BMMaxzdistdP3S3B0® (m-kN)

Fig F 8. Bending Moment 1 - depth for pile group 4P3S3B0
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Appendix F
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S3B0 Helix Pile Group

A

A
1350+ 1350
1200+ 1200
1050+ 1050
900+ 900
750+ 1 750 1
0
600 G4P3S3BOHBM" [~.s 600 G4P3S3BOHBM" |=.s
S S
450+ 45
300+ 300
150+ 150
0 —— - » 6 >
0.00B00®L00@00@E00@Z00@R0000.000.001DLO0TRO0IBO014 —0.064R064B06MY 06450645 0645 06M0B8AB08MR0001() 0.0001
6
G4P3S3BOHBM" G4P3S3BOHBM"
A A
1350+ 1350+
1200+ 12001
1050+ 1050+
900+ 900
7501 750(
0) 1
600 0 1 600+ G4_P3S3BOHBM( *S
G4P3S3BOHBM") | —.s ? 5
4501 S 450fF
3001 3001
150 1504
0 B — 0 —
28.7528.929.0529.229.3529.529.6529.829.9530.130.2530.4 02 0 02 04 06 08 1 12 1.4 16 18
A (MY G4P3S3BOHBM™
G4P3S3BOHB -

Fig F 9. Raw Data Bending Moment 2 for pile group 4P3S3B0
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Appendix F
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S3B0 Helix Pile Group

(0)
TimeZero(GAP3S3BOHBM) _ (s) TimeZero(GAP3S3BOHBM)  (s)
850+ )
7651 8501
6801 765
595+ 680
510+
425+ 595
340+ 510
2551 .
170+ -
851 340
v 0.05 0.7 1.35 2 2.65 3.3 3.95 4.6 5.25 5.9 6.55 7.2 >
—~BM2G4P353B0") (m-kN)
BM2G4P3SSB0(1) (m : kN) —3156-2800-2456-2100-1756-1406-1050-700—350 ¢ D 350 g

BM2G4P3S3B0% (m-kN)

BM2G4P3S3B0" (m-kN)

Fig F 10. Bending Moment 2 time history for pile group 4P3S3B0
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Appendix F

Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S3B0 Helix Pile Group

(1
TimeZero(G4P3S3BOHBM)

A
0.5 >
—0.5 0. .7 35 2 2.65 3.3 395 4.6 525 59 6.55 7.2
—-1.5
2.5
-3.5
—4.5
—5.5
—6.5
-7.5
—8.5
-9.5
-10.5
11.5
—-12.5

—~BM2G4P353B0") (m-kN)

BM2G4P3S3B0Y (m-kN)

BM2G4P3S3B0% (m-kN)

(1)
TimeZero(G4P3S3BOHBM)

1

A

95
—31528624 521001 75014001 l)v}{-)7(]l<‘r¢$~;)]l)r

BM2G4P3S3B0% (m-kN)

Fig F 11. Bending Moment 2 - displacement for pile group 4P3S3B0

—0.8152
1.0526
1.0526
4.7995
4.7995

—2739.2149

BMMindist4P3S3B0 := SGplotQP (BM 2G4P3S3B0 , TimeDispG4P3S3B0 , 3) =

16

—1.4376
1.8032
1.8032
3.8697
3.8697
0.6091

—2.4544 —4.1901

3.0714
3.0714
6.3049
6.3049

4.4346
4.4346
5.871
5.871

0.0483 —0.8509



Appendix F
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S3B0 Helix Pile Group

SGEmbDPY (m)

BMMindist4P3S3B0"° (m-kN) BMMindist4P353B0" (m-kN)

BMMindist4P3S3B0% (m-kN) BMMindistAP3S3B0) (m-kN)

Fig F 12. Bending Moment 2 - depth for pile group 4P3S3B0
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Appendix F
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S3B0 Helix Pile Group

2.3.4 LVDT vs Time
Function for determining the time and displacement from LVDT

LVDT (LVDTRawData , smthn) := | TimeLVDT « submatrix (LVDTRawData , 0 , rows (LVDTRawData) —1,0,0) s

LVDT1 «+ medsmooth (submatrix (LVDTRawData ,0,rows (LVDTRawData) -1,1, 1) mm , smthn)
LVDT?2 «— medsmooth (submatrix (LVDTRawData ,0,rows (LVDTRawData) -1,2, 2) mm , smthn)
for 2 € 0,1..rows (LVDTRawData) -1

k — (TimeLVDT - TimeLVDTU)

Ifac

q —(LVDTI_ - LVDTIO) +2.Nscale °°

sclfac
mv<——(LVDTZ—LVDT2O)-2-Nscale 0.0

sclfac
n «— 7(TimeLVDT> - TimeLVDTD) .CmpRate - Nscale  °*°

augment (k ,q,m, n)

LVDTRawData:= READEXCEL (“.\Nav—3P3B0G.xlsx”, “Sheet1 (2)!A2:C845")

0 (3)

0
TimeLVDT := LVDT (LVDT RawData,, 11) LVDTC:=LVDT (LVDTRawData,11)

(1 2)

)
LVDTL:=LVDT (LVDTRawData,11) LVDTR:=LVDT (LVDTRawData,11)

340 125 510

595 680 50

LVDTC (mm)

LVDTL (mm)

90+
o LVDTR (mm)

—120+

—135+

TimeLVDT (s)

Fig F 13. LVDT displacements time history for pile group 4P3S3B0
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Appendix F
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S3B0 Helix Pile Group

Function for determining the tilting of the plate

sclfac

Tilt (SpacingDCDLR , SpacingDLDR) := || k — (SpacingDCDLR) - mm + Nscale ~ °*°
sclfac

q— (SpacingDLDR) «mm - Nscale 0.0

for 7 € 0,1..rows (LVDTRawData) -1

(LVDT C — LVDT. R)

m <«
i

k
(LVDTC — LVDTL )
n <« ‘ :
i k
(LVDTR, — LVDTL )
o i i

q

augment (m ,n, l)

Rot4P3S3B0:=augment (medsmooth (Tilt (7.1 , 7.8)(0) , 99) ,medsmooth <Tilt (7.1 , 7.8)(1) , 99) ,medsmooth (Tilt (7. 1, 7.8)(2) , 99))

Rot4P353B0") Rot4P3S3B0 RotdP353B0%

A
0.665+
0.57+
0.475+
0.38+
0.285+
0.19+

0.095+

—0.095+

—0.19+

—0.285+

TimeLVDT (s)

Fig F 14. LVDT rotations time history for pile group 4P3S3B0
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Appendix G
Data Conversion and Processing Sheet for NI03 series of Centrifuge Tests on 4P0S2B10 Smooth Pile Group
1. Introduction
The series of sheets in Appendix G contains the data conversion and processing procedures specifically for the NIO3 centrifuge test series on
4P0S2B10 Smooth Pile Group. For the data conversion procedures, the raw data files were first corrected by subtracting the initial value of pre
spin data depending on file index. The data were then converted into engineering units through recalibrations of the strain gauges in the
centrifuge data logger.

2. HBM Data Conversion
HBM data were recorded by the HBM Data Logger connected to the main computer unit of the GeoCerf centrifuge.

2.1 General Information

2.1.1 Model Pile Dimensions

L:=271.8 mm
d:=12.7 mm
D:=38.1 mm
E:=169.1 mm
Hy:=150 mm
H,:=[150] mm

P :=m.D=0.1197 m
Hyp:=(H,— D)
P:=12.7T mm

2.1.2 Properties of Sand

y:=16.1 ﬂ3
m
p:=31.2 deg
3
§:=|—-p|=23.4d
(o]

2.1.3 Centrifuge Scale

NoSGages:=4

Nscale:=15
sclfac:= [1 2 3]

Length of the Pile
Diameter of the shaft
Diameter of the helix wale o Hdl- gt CL
Embedment depth of pile
Depth to bottom helix ] 7
Depth to top helix L L L
Perimeter of the Helical Pile Shaft i24
Effective Shaft Length 5 - .
Pitch of the helix 4L v
Lk H, $2(P2) = 15D
5{83(P3)=2.5D
$4 (P4) = 3.5D
Unit Weight L3 3
L T P -
4 P Ny
CV Friction Angle D |‘_'|D
PO P1 P2~P4
CV Dilation Angle Schematic of the model piles

1 refers to the Strain Gage at the bottom and 4 the Strain Gage at the top of the pile; Total No of Strain Gages: P0=2,
P1=3, P2 to P4=4

Centrifuge g-level
Centrifuge scale factor N"scale, 1 for displacement , 2 for force, 3 for Moment



Appendix G
Data Conversion and Processing Sheet for NI03 series of Centrifuge Tests on 4P0S2B10 Smooth Pile Group

2.1.5 Loading Conditions

™ _ 0.0055 2
mmn S

CmpRate:=0.33 Actuator Loading rate in compression

2.2 Calibration of the Strain Gages in HBM Data Logger

2.2.1 Calibration of Axial Strain Gages
RawDataCalib:= READEXCEL (“..\Finalized NIO01\Calibration SGages HBM Centrifuge Corrected.xlsx”, “Sheetl!Al:GlZ”)

4.427 1 0.076 0.104 0.149 0.098 0.132
7.97 1 0.152 0171 0.23 0.195 0.244
13.606 1 0.391 0.295 0.343 0.287 0.336
4.427 2 0.048 0.06 0.078 0.091 0.1
7.97 2 0.053 0.114 0.114 0.136 0.194
RawDataCalib | 13:606 2 0.088 0214 0.161 0.225 0.231
4.427 3 0 0.043 0.028 0.052 0.037
797 30 0.063 0.151 0.087 0.078
13.606 3 0 0.127 0.199 0.149 0.112
4427 4 0 0 0.089 0.035 0.028
797 40 0 0.109 0.067 0.055 Colm 0 represents calibration loads in kg, Colm 1 represents Strain Gage Number, Colm
13.606 40 0 0-145 0.127 0.141 2-6 represents Strain Gage HBM readings for piles P0,P1,P2,P3 and P4 respectively
CmbLdAz := RawDataCalib®” kg - g Load Combinations

CalibdataPile := submatrix (RawDataCalib, 0, rows (RawDataCalib) — 1,2, 6)-107*. mTV HBM Strain Gage Data

Function for Calibration factor for all strain gages in each pile

571.237 417.443  201.369 443 328.804
514204 457.07  330.822 400.815  320.324
341251 452.303 380.007 464.91  397.111
004.450 723.567 556.50  47T.077 434.14
1474.698  685.605 685.605 574.600  402.881
Azt | for i € 0,1...vows (CalibdataPile) -1 _| 1516242 623501 828753 593.019 577.616 | AN

0 1009.620 1550.501 834.885 1173.352 | my
for j € 0,1..cols (CalibdataPile) — 1 1240.619 517.609 898.379 1002.038 | —

0
v
k —CmbLdAz 0 1050.624 670.499  895.499 1191.333
o ) 0 0 487.798 1240.401 1550.501
q, ;+ CalibdataPile, 0 0 717.055 1166.552 1421.073
m —if g =0 0 0 920.202 1050.624  946.307
LR LN
0
else
k.

Calibration Factor. Here, the columns represents the Piles from PO to P4 (left to right) and the rows represents the Strain Gage
readings SG1 to SG4 (top to bottom) for three load combinations




Appendix G
Data Conversion and Processing Sheet for NI03 series of Centrifuge Tests on 4P0S2B10 Smooth Pile Group

2.2.1 Calibration of Bending Strain Gages
RawDataCalibBend := READEXCEL (“.\CalibBendingRawData.xlsx”, “Sheet2!A2:113")

2.404 212 1 0.003 0.0031 0.0027 0.0023 0.0025 0.0024
4411 212 1 0.0057 0.0048 0.0045 0.0049 0.0055 0.0044
9.357 212 1 0.0129 0.0124 0.0126 0.011 0.016 0.0104
2.404 147 2 0 0 0.0019 0.0022 0.0019 0.0016
4411 147 2 0 0 0.0033 0.0041 0.0039 0.003
RawDataCalibBend < | 9357 147 2 0 0 0.0085 0.0089 0.009 0.0069
2.404 120 3 0 0 0.0015 0.0017 0.0016 0.0014
4411 120 3 0 0 0.0026 0.0033 0.0035 0.0024
9.357 120 3 0 0 0.0068 0.0071 0.0075 0.0054
2.404 85 4 0.0009 0.0011 0.0009 0.0012 0.0012 0.0009
4411 85 4 0.0021 0.002 0.0017 0.0022 0.0021 0.0016 Colm 0 represents calibration loads in kg, Colm 1 represents the moment arm, Colm 2
9357 85 4 0.0041 0.0047 0.0046 0.0047 0.0043 0.0032 represents the Strain Gage Number, Colm 2-6 represents Strain Gage HBM readings for
piles POB1, POB2, P3B1,P3B2, P3B3 and P3B4 respectively
CmbLoadMoment := RawDataCalibBend” kg - g Load Combinations
CmbMArm = RawDataCalibBend" mm Moment Arm Combinations

mV

CalibdataPileM := submatrix (RawDataCalibBend , 0, rows (RawDataCalibBend) — 1,3, 8) - HBM Strain Gage Data

Function for Calibration factor for all strain gages in each pile

1671.552 1617.456 1844.258 2163.61 2039.975 2126.783
1603.236 1910.523 2019.937 1886.937 1661.325 2108.164
1504.508 1572.619 1542.688 1762.074 1214.313 1879.545

0 0 1795.623 1568.123 1863.2 2113.142

0 0 1944.587 1539.661 1643.1  2098.613
4 N-.
OFBA = | for i € 0,1..rows (Calibdatapitent) 1 | o 0 1581.341 1519.014 1500.427 1957.742 m
) ! _ 0 0 1849.034 1644.78  1735.597 2080.164 | my
for j € 0,1..cols (CalibdataPileM) — 1 0 0 1988.834 1577.768 1474.675 2136155 | 1~
k «— CmbLoadMoment 0 0 1624.085 1561.886 1464.268 2031.605
" " 2330.106 1805.307 2131.799 1656.108 1698.213 2226.545
b, GmbMArm, 1793.588 1802.381 2125.35 1710.166 1750.884 2327.124
4« CalibdataPileM 1888.54 1670165 1706.711 1655.981 1813.877 2437.397
;i i
m  —if ¢ =0
w i
o
else
kol
AN
qz.]
I
m Calibration Factor. Here, the columns represents the Piles POB1, POB2, P3B1,P3B2, P3B3 and P3B4 respectively and the rows

represents the Strain Gage readings SG1 to SG4 (top to bottom) for three moment combinations



2.3.2 Axial Load vs Time

Appendix G
Data Conversion and Processing Sheet for NI03 series of Centrifuge Tests on 4P0S2B10 Smooth Pile Group

Function for determining the Time, Displacemnt and Axial Load Distribution in each pile

ConvLd (RawdataHBM , PileNum ,CF , smthn , LdType) :=

RawDataSG « || if LdType =1

el

Ise if LdType =2

else

for i € 0,1..rows (RawDataSG) -1
for j € 0,1..cols (RawDataSG) -1

‘qv «— RawDataSG v—RawDataSGU )
I iy Qg ¥

SG1. « | if LdType=1

i,0

else

SG2

=4

LdType=1

else

SG3. | if LdType=1

else

SG4. | if LdType=1

else

H —submatrix (RawdataHBM , 0 , rows (RawdataHBM) —1,9,12) - -

—submatrix (Rawdata.HBM ,0,rows (RawdataHBM ) -1,1, 4)

(q_ , - mean (submatrix (CF', 0,

(q‘ , - ean (submatrix (CF , 0,

(q_ |+ mean (submatrix (CF7 3,

(q |- mean (submatrix (CF, 3,

(q’, , - mean (submatrix (CF , 6,

(q_ , - nean (submatrix (CF, 6,

(q‘ , - mean (submatrix (CF, 9,

(q_ , *mean (submatrix (CF, 9,

mV

mV

mV

—submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,5, 8) -

selfac
2, PileNum , PileNum)) - Nscale ~ *° ])

selfac
2, PileNum , PileNum)) - Nscale =~ " 2)

selfac
5, PileNum , PileNum)) - Nscale ~ *° 1)

sclfac
5, PileNum , PileNum)) - Nscale ~ °° Z)

selfac
8, PileNum , PileNum)) - Nscale =~ 1)

selfac
8, PileNum , PileNum)) - Nscale ~ °° 2)

selfac
11, PileNum , PileNum)) - Nscale ~ *° 1]

sclfac
11, PileNum , PileNum)) - Nscale ~ *° 2]

augment (medsmooth <SG 10 s smthn) , medsmooth (SGZ(U s smthn) , medsmooth (SG3<2) s smthn) , medsmooth <SG4(3) s smthn))
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Function for determining the time and displacement

TimeZero (RawdataHBM) =
for ¢ € 0,1..rows (TimeP) -1

k — (TimeP‘ — TimePO)

q — —(Tz'meP_ — TimePO) .

augment (k s q)

CmpRate

+100
d

TimeP « submatrix (RawdataHBM , 0 , rows (RawdataHBM) —1,0,0) s

There were two strain gages placed within the PO pile. The following sub sections provides the details on the load distributions:

G4AP0S2B10HBM := READEXCEL (“.\2P0B10G.xlsx”, “Sheet1 (3)!A33:M6203”)

TimeDispG4P0S2B10 :=TimeZero (GAP0S2B10HBM)

AzLdG4P0S2B10 := ConvLd (G4P0S2B10HBM ,0 ,CFAzl,11,1)

A
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1350

1200

1050

900

750

600

450

300

150

; ; ; ; ; ; ; ; ; ; ; ¢
—0.0018-0.0017-0.0017-0.0017-0.0016-0.0016-0.0015-0.0015-0.0015-0.0014-0.0014

G4P0S2B10HBM"

Fig G 1. Rawdata axial load time history for pile group 4P0S2B10
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Appendix G
Data Conversion and Processing Sheet for NI03 series of Centrifuge Tests on 4P0S2B10 Smooth Pile Group

TimeDispG4P0S2B1 0 (s) TimeDispG4P0S2B1 otV

A A
660 'L‘
—10_ 3 20 30 40 50 60 70 80 90 100

v

600
540+

1801

1201
360+
300+
240+

180+

120
60

»

o n ; ; ; ; ; ; ; ; ;
T 10 20 30 40 50 60 70 80 90 100

AxLdG4P0S2B10" (kN)

AxLdG4P0S2B10") (kN)

AzLdG4P0S2B10% (kN)

AzLdG4P0S2B10% (EN)

Fig G 2. Axial Load time history for pile group 4P0S2B10 Fig G 3. Axial Load -displacement for pile group 4P0S2B10
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Data Conversion and Processing Sheet for NI03 series of Centrifuge Tests on 4P0S2B10 Smooth Pile Group

Functions for determining the Q distribution profile at strain gauge location

TOL :=0.00000001

SGplotQP (AzLdGAP3S2B0 , TimeDispGAP352B0 , PileNum)

= | | QPO — it PileNum =0

augment (lookup (~5 , TimeDispGaP3s2B01) | AzzdcarssaBol®) | near”) | 1ookup (~10 , TimeDispGarssaoll) | AzLdcarss2B00) | “near”) | lookup (~15 , TimeDispcaras2Boll) | Asrdcarss2Bo® | “near) , tookup (20 , TimeDispaaras2po®) | Azracarssaol® | near))
clse
augment (lookup (~2.5 , TimeDispGar3s250t) | AzLdGarss2no® | “near) | 1ookup (=5 , TimeDispGarss2B01) | AzLacarss2Bol®) | “near) | tookup (~7.5 , TimeDispGarssanoll) | Azracarss2pol® | near) | 1ookup (—10 , TimeDispGar3s2B01) | AzLdcarssanol®) | “near))
QP — it PileNum=0
augment (lookup (=5 , TimeDispGapss2Bot) | AzLacapss2Bo") | near) , tookup (<10 , TimeDispGarssanolV) | Azracarssapoll) | “near) | 1ookup (<15 , TimeispGarssanoll) | Azracarssapoll) | “near) , 1ookup (20, TimeDispGaras2B01) | AzLcapssanoll) | “near))
clse
augment (lookup (~2.5 , TimeDispGar3s250t) | AzLdGarssanoll) | “near) | 1ookup (=5 , TimeDispGarss2Bo1) | AzLdcarss2po) | “near) | ookup (~7.5 , TimeDispGarssanoll) | Azracarasapoll) | “near”) , 1ookup (~10 , TimeDispGar3s2501) | AzLdcapssanoll) | “near))
QP2  augment (lookup (~2.5, TimeDispGap3s2B0lY) | AzLdGapss2ol? | “near”) , lookup (-5 , TimeDispGapss2BolY) | AsLdGapss2ol? | “near”) , lookup (~7.5 , TimeDispG. (1) | AsLdc ) “near”) , lookup (~10, TimeDispGap3s2oll) | AsLdcapssaBo? | “near”))
QP3 — augment (lookup (~2.5, TimeDispGapss2BolY) | AzLdGapss2Bo® | “near”) , lookup (-5 , TimeDispGap3s2BolY) | AsLdGapss2Bo® | “near”) , lookup (~7.5 , TimeDispGapss2Boll) | AvLdGapss2Bo® | “near”) , lookup (~10, TimeDispGapss2oll) | AvLdcapss2Bo®) | “near”))

combined «— if PileNum =0

stack (QPO , QP1, QP1, QP1, QP1, QP1)

else

stack (QP0 , QP1, QP1, QP2 , QP2 , QP3)

combined
1.6962  9.8680 17.8873 27.4478
93.5775 46.734 63.154 81.6792
Qdist4P0S2B0 == SGplotQP (AzLdGAPOS2B10 , TimeDispGAP0S2B10 , 0) = | 235775 46.734  63.154 = 8L6T92 | 1y

23.5775 46.734 63.154 81.6792
23.5775 46.734 63.154 81.6792
23.5775 46.734 63.154 81.6792

0.6+3.5 0.6+3.5
0.6 0.6 +2

SGEmbDP := —

0.6 +2

0
8 8:2:1 PO to P4. Row 0 to 5 represents depth to strain SG 1 to 4
0

.D-Nscale " SG embedment depth in prototype scale. Here, colm 0-4 represents

0.6
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Data Conversion and Processing Sheet for NI03 series of Centrifuge Tests on 4P0S2B10 Smooth Pile Group

SGEmbDP®) (m)

0.151

—0.1

—-0.35¢1

0.6

0.851

QdistaP0S2B0") (kN)  QdistaP0S2B0" (kN)

QdistaP0S2B0® (kN)  Qdist4P0S2B0™ (kN)

Fig G 4. Axial Load -depth for pile group 4P0S2B10



Appendix G
Data Conversion and Processing Sheet for NI03 series of Centrifuge Tests on 4P0S2B10 Smooth Pile Group

2.3.3 Bending Moment vs Time
BM1G4P0S2B10:=ConvLd (G4P0S2B10HBM ,1,CFBM ,111,2)

BM?2G4P0S2B10:=ConvLd (G4P0S2B10HBM ,0,CFBM ,77,3)

A
15001
1350+
1200+
1050+
9001 ——
=~ G4P0S2B10HBM |
600- ;'8
4501
300
150
N
0.090609 T5092509H109 010953096809 T2098209911000.101

G4P0S2B10HBM"Y

1500+
1350+
1200+
1050+
900+
7501+
600+
150+
300+

150+

A

»

9
00.000.000D00:004H00500%500000H0O0@1000.D00 D013

G4P0S2B10HBMY

Fig G 5. Raw Data Bending Moment 1 for pile group 4P0S2B10

G4P0S2B10HBM" (l-s
S

|
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Data Conversion and Processing Sheet for NI03 series of Centrifuge Tests on 4P0S2B10 Smooth Pile Group

TimeDispG4P052B10" (s)

A

660+

el T

)

—-35 -30 —25 -20 —15 -10 -5 0 5 10 15

BM1G4P052B10") (m-kN)

BM1G4P0S2B10% (m-kN)

Fig G 6. Bending Moment 1 time history for pile group 4P0S2B10
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Appendix G
Data Conversion and Processing Sheet for NI03 series of Centrifuge Tests on 4P0S2B10 Smooth Pile Group

TimeDispG4P0S2B10%

v

-35 -30 —-25 —-20 —15 —10 =43 5 10 15

BM1G4P0S2B10"” (m-kN)

BM1G4P0S2B10% (m-kN)

Fig G 7. Bending Moment 1 - displacement for pile group 4P0S2B10

SGplotQP (AzLdGAP3S2B0 , TimeDispGAP3S2B0 , PileNum) = QPO «— if PileNum =0
augment (lookup (=5 , TimeDispGapas2p0!) | AcraGaPas2Bo® | snear) , tookup (<10 , TimeDispGaras2polV) | aztacarss250® | snear) | 1ookup (<15 , TimeDispGapas2nol) | AzrdGarss2p0) | “near”) | 1ookup (~20 , TimeDispG4Pas2po) | AzrdGapas2po®) | snear))
else
augment (lookup (~2.5 , TimeDispGaP3s250t) | AzLdGarss2no©® | “near) | 1ookup (=5 , TimeDispGarss2B01) | AzLdcarss2Bo®) | “near”) | tookup (~7.5 , TimeDispGarssanoll) | Azracarss2pol® | “near) | 1ookup (—10 , TimeDispGarss2B01) | AzLdcarssanol®) | “near))
QP1 «— if PileNum =0
augment (lookup (=5 , TimeDispGapss2Bot) | AzLaGapss2B0® | near) , tookup (<10 , TimeDispGapssanoll) | AzLdcapssaBo® | near) , 1ookup (<15 , TimeDispGar3s2nol) | AzLdGarss2o®) | “near) , 1ookup (20, TimeDispGaras2B0) | AzLdcapssano® | wnear))

else

augment (lookup (~2.5 , TimeDispGaP3s280Y) | AzLdcap3s2B0t) | “near) . lookup (=5 , TimeDispGap3s2B0) | AzLdcarss2Bo) | “near) | tookup (—7.5 , TimeDispGap3s2oll) | ArLdcapss2Bol) | “near”) | lookup (~10 , TimeDispGapss2Bol) | AcLdGarss2Bo®) | “near”))

QP2 — augment (lookup (~2.5, TimeDispGap3s2BolY) | AzLdGapss2ol? | “near”) , lookup (-5 , TimeDispGap3s2BolY) | AsLdGapss2Bol? | “near”) , lookup (~7.5 , TimeDispGapss2Boll) | AvLdGapss2Bo? | “near”) , lookup (~10, TimeDispGapss2oll) | AvLdcapss2Bo? | “near”))

QP3 — augment (lookup (~2.5 , TimeDispGap3s2BolY) | AzLdGapss2Bo® | “near”) , lookup (-5 , TimeDispGapss2BolY) | AsLdGapss2Bo® | “near”) , lookup (~7.5 , TimeDispGapss2Boll) | AsLdGapss2Bo® | “near”) , lookup (~10, TimeDispGapss2oll) | AvLdcapss2Bo®) | “near”))
combined — if PileNum =0

stack (QPO , QP1, QP1, QP1, QP1, QP1)

else

stack (QP0 , QP1, QP1, QP2 , QP2 , QP3)

combined

-30.4725 2.3568 —17.2094 5.7224
Z0.8043 —1.7798 —2.6526 —3.4227

BMMaadist4P0S2B10 := SGplotQP (BM1GAP0S2B10 , TimeDispGAP0S2B10 , 0) = _g'ggig _1';;22 _i'gggg _g'ggg m kN
~0.8043 —1.7798 —2.6526 —3.4227

—0.8043 —1.7798 —2.6526 —3.4227
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Data Conversion and Processing Sheet for NI03 series of Centrifuge Tests on 4P0S2B10 Smooth Pile Group

SGEmbDPY (m)

v

3.5 7 10.5 14 17.5 21 24.5 28 31.5

—BMMazdist4P052B10° (m-kN) BMMaxdist4P0S2B10" (m.kN)

—BMMaaxdist4P0S2B10? (m-kN) BMMaxzdistdP0S2B10” (m-kN)

Fig G 8. Bending Moment 1 - depth for pile group 4P0S2B10
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Data Conversion and Processing Sheet for NI03 series of Centrifuge Tests on 4P0S2B10 Smooth Pile Group

Appendix G

A

1500+
1350+
1200+
1050+

900+

1 750
G4P0S2B10HBM") (—~s)
; ol

450+

300+

150+

»

0.00D100 D300 D400 D00 D70016.002.0022002300DE00260028

G4P0S2B10HBM®

>

A

I ; ; ; ; ; ; ; ; ; ; ; — 4
—0.061200640.06-D.660.06020608080706060606080500040003

G4P0S2B10HBM®

Fig G 9. Raw Data Bending Moment 2 for pile group 4P0S2B10
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Appendix G
Data Conversion and Processing Sheet for NI03 series of Centrifuge Tests on 4P0S2B10 Smooth Pile Group

TimeDispG4P0S2B10" (s)

TimeDispGAP0S2B10%

660+

600+

0.9 9 1.8 27 3.6 45 54 63 7.2 8.1

540+ N
180+
4201
360+
300+
240+
180+

120+

60+

»

>

— B ; ; ; ; ; ; ; ; ;
=09 0 09 1.8 27 36 45 54 63 7.2 8.1

—BM2G4P0S2B10" (m-kN)

—BM2G4P052B10"” (m-kN)

BM2G4P0S2B10% (m.-kN)

BM2G4P052B10%) (m-kN)

Fig G 10. Bending Moment 2 time history for pile group 4P0S2B10 Fig G 11. Bending Moment 2 - displacement for pile group 4P0S2B10

~2.2935 —3.9672 —5.5866 —6.6481
0.9065  2.0274 29720 3.9574
BMMindist4P0S2B10 := SGplotQP (BM2GAP0S2B10 , TimeDispGAPOS2B10 , 0) = 8’322 g‘g;;i 33;33 g'ggx m-kN
0.965 2.0274 2.9729 3.9574
0.065  2.0274 297290 3.9574
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Data Conversion and Processing Sheet for NI03 series of Centrifuge Tests on 4P0S2B10 Smooth Pile Group

SGEmbDPY (m)

v

BMMindist4P0S2B10° (m-kN) BMMindistaP052B10" (m-kN)

BMMindistaP0S2B10% (m-kN) BMMindistAP0S2B10% (m-kN)

Fig G 12. Bending Moment 2 - depth for pile group 4P0S2B10
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Data Conversion and Processing Sheet for NI03 series of Centrifuge Tests on 4P0S2B10 Smooth Pile Group

2.3.4 LVDT vs Time
Function for determining the time and displacement from LVDT

LVDT (LVDTRawData , smthn) := | TimeLVDT « submatrix (LVDTRawData , 0 , rows (LVDTRawData) —1,0,0) s

LVDT1 «+ medsmooth (submatrix (LVDTRawData ,0,rows (LVDTRawData) -1,1, 1) mm , smthn)
LVDT?2 «— medsmooth (submatrix (LVDTRawData ,0,rows (LVDTRawData) -1,2, 2) mm , smthn)
for 2 € 0,1..rows (LVDTRawData) -1

k — (TimeLVDT - TimeLVDTU)

Ifac

q— —(LVDTI_ - LVDTlO) «Nscale °°

sclfac
mv<——(LVDT2v—LVDT2O) « Nscale 0.0

sclfac
n «— 7(TimeLVDT> - TimeLVDTD) .CmpRate - Nscale  °*°

augment (k ,q,m, n)

LVDTRawData:= READEXCEL (“.\Nav—2P0B10G.xlsx”, “Sheet1 (2)!A2:C622”)

() (3)
TimeLVDT := LVDT (LVDT RawData,, 11) LVDTC:=LVDT (LVDTRawData,11)
(1) 2
LVDTL:=LVDT (LVDTRawData,11) LVDTR:=LVDT (LVDTRawData,11)
i} ]\'\ $0. 120 180 240 300 360 120 180 540 600 660 g

LVDTC (mm)

LVDTL (mm)

LVDTR (mm)

TimeLVDT (s)

Fig G 13. LVDT displacements time history for pile group 4P0S2B10
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Data Conversion and Processing Sheet for NI03 series of Centrifuge Tests on 4P0S2B10 Smooth Pile Group

Function for determining the tilting of the plate
sclfac
Tilt (SpacingDCDLR , SpacingDLDR) := || k — (SpacingDCDLR) - mm + Nscale ~ °*°
sclfac
q— (SpacingDLDR) «mm - Nscale 0.0
for 7 € 0,1..rows (LVDTRawData) -1

(LVDTC - LVDTR)

m <
i k

(LVDTC — LVDTL )

n+——m—mm °
i k
(LVDTR, — LVDTL )

I«

q

augment (m ,n, l)

Rot4P0S2B10:=augment (medsmooth (Tilt (7.1 , 7.8)(0) , 99) ,medsmooth <Tilt (7.1 , 7.8)(1) , 99) ,medsmooth (Tilt (7. 1, 7.8)(2) , 99))

Rot4P0S2B10" Rot4P0S2B10 Rot4P0S2B10%?

/—’"\_/'_\’_ﬁ/ >

300 360 120 180 540 600 660

A
0.0085+

60 120 180 240

—0.0085F

—0.017+

—0.0255+

0.034+

—0.0425+

—0.051+

—0.0595+

TimeLVDT (s)

Fig G 14. LVDT rotations time history for pile group 4P0S2B10
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Appendix H
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S2B20 Helix Pile Group
1. Introduction
The series of sheets in Appendix H contains the data conversion and processing procedures specifically for the NIO3 centrifuge test series on
2P3S2B20 Helix Pile Group. For the data conversion procedures, the raw data files were first corrected by subtracting the initial value of pre
spin data depending on file index. The data were then converted into engineering units through recalibrations of the strain gauges in the
centrifuge data logger.

2. HBM Data Conversion
HBM data were recorded by the HBM Data Logger connected to the main computer unit of the GeoCerf centrifuge.

2.1 General Information

2.1.1 Model Pile Dimensions

L:=271.8 mm
d:=12.7 mm
D:=38.1 mm
E:=169.1 mm
Hy:=150 mm
H,:=[150] mm

P :=m.D=0.1197 m
Hyp:=(H,— D)
P:=12.7T mm

2.1.2 Properties of Sand

y:=16.1 ﬂ3
m
p:=31.2 deg
3
§:=|—-p|=23.4d
(o]

2.1.3 Centrifuge Scale

NoSGages:=4

Nscale:=15
sclfac:= [1 2 3]

Length of the Pile
Diameter of the shaft
Diameter of the helix wale o Hdl- gt CL
Embedment depth of pile
Depth to bottom helix ] 7
Depth to top helix L L L
Perimeter of the Helical Pile Shaft i24
Effective Shaft Length 5 - .
Pitch of the helix 4L v
Lk H, $2(P2) = 15D
5{83(P3)=2.5D
$4 (P4) = 3.5D
Unit Weight L3 3
L T P -
4 P Ny
CV Friction Angle D |‘_'|D
PO P1 P2~P4
CV Dilation Angle Schematic of the model piles

1 refers to the Strain Gage at the bottom and 4 the Strain Gage at the top of the pile; Total No of Strain Gages: P0=2,
P1=3, P2 to P4=4

Centrifuge g-level
Centrifuge scale factor N"scale, 1 for displacement , 2 for force, 3 for Moment



Appendix H
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S2B20 Helix Pile Group

2.1.5 Loading Conditions

™ _ 0.0055 2
mmn S

CmpRate:=0.33 Actuator Loading rate in compression

2.2 Calibration of the Strain Gages in HBM Data Logger

2.2.1 Calibration of Axial Strain Gages
RawDataCalib:= READEXCEL (“..\Finalized NIO1\Calibration SGages HBM Centrifuge Corrected.xlsx”, “Sheetl!Al:GlZ”)

4.427 1 0.076 0.104 0.149 0.098 0.132
7.97 1 0.152 0.171 0.23 0.195 0.244
13.606 1 0.391 0.295 0.343 0.287 0.336
4.427 2 0.048 0.06 0.078 0.091 0.1
7.97 2 0.053 0.114 0.114 0.136 0.194
RawDataCalib | 13606 2 0.088 0214 0.161 0.225 0.231
4.427 3 0 0.043 0.028 0.052 0.037
797 30 0.063 0.151 0.087 0.078
13.606 3 0 0.127 0.199 0.149 0.112
4427 4 0 0 0.089 0.035 0.028
797 40 0 0.109 0.067 0.055 Colm 0 represents calibration loads in kg, Colm 1 represents Strain Gage Number, Colm
13.606 4 0 0 0-145 0.127 0.141 2-6 represents Strain Gage HBM readings for piles P0,P1,P2,P3 and P4 respectively
CmbLdAz := RawDataCalib®” kg - g Load Combinations

CalibdataPile := submatrix (RawDataCalib, 0, rows (RawDataCalib) —1,2,6) - 107*. mTV HBM Strain Gage Data

Function for Calibration factor for all strain gages in each pile

571.237 417.443  201.369 443 328.804
514204 457.07  330.822 400.815  320.324
341251 452.303 380.007 464.91  397.111
004.450 723.567 556.50  47TT.077 434.14
1474.698  685.605 685.605 574.600  402.881
Azt | for & € 0,1...vows (CalibdataPile) -1 _| 1516242 623501 828753 593.019 577.616 | AN

0 1009.620 1550.501 834.885 1173.352 | my
for j € 0,1..cols (CalibdataPile) — 1 1240.619 517.609 898.379 1002.038 | —

0
v
k —CmbLdAz 0 1050.624 670.499  895.499 1191.333
o ) 0 0 487.798 1240.401 1550.501
q, ;+ CalibdataPile, 0 0 717.055 1166.552 1421.073
m —if g =0 0 0 920.202 1050.624  946.307
LR LN
0
else
k.

Calibration Factor. Here, the columns represents the Piles from PO to P4 (left to right) and the rows represents the Strain Gage
readings SG1 to SG4 (top to bottom) for three load combinations




Appendix H

Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S2B20 Helix Pile Group

2.2.1 Calibration of Bending Strain Gages
RawDataCalibBend := READEXCEL (“.\CalibBendingRawData.xlsx”, “Sheet2!A2:113")

RawDataCalibBend =

2.404
4.411
9.357
2.404
4.411
9.357
2.404
4.411
9.357
2.404
4.411
9.357

212
212
212
147
147
147
120
120
120

85

85

85

R R W W W NN R =

0.003
0.0057
0.0129
0

0
0
0
0
0

0.0009

0.0021
0.0041

0.0031 0.0027
0.0048 0.0045
0.0124 0.0126
0 0.0019
0 0.0033
0 0.0085
0 0.0015
0 0.0026
0 0.0068
0.0011 0.0009
0.002 0.0017

0.0047 0.0046

CmbLoadMoment := RawDataCalibBend® kg-g

CmbMArm = RawDataCalibBend" mm

CalibdataPileM := submatrix (RawDataCalibBend ,0,rows (RawDataCalibBend) -1,3, 8) .

0.0023
0.0049
0.011

0.0022
0.0041
0.0089
0.0017
0.0033
0.0071
0.0012
0.0022
0.0047

0.0025
0.0055
0.016

0.0019
0.0039
0.009

0.0016
0.0035
0.0075
0.0012
0.0021
0.0043

Function for Calibration factor for all strain gages in each pile

CFBM := | for i € 0,1..rows (CalibdataPileM) — 1

m

m_ «if ¢
(] i,

J

I« CmbMArm.
iLj i,0

=0

q.  + CalibdataPileM
i, g iyj

for j € 0,1..cols (Calibdata.Pile.M) -1
k.« CmbLoadMoment 0
i i,

1.672
1.603
1.505
0

0
_|o
0
0

0
2.33
1.794
1.889

1.617
1.911
1.573

1.844
2.02

1.543
1.796
1.945
1.581
1.849
1.989
1.624
2.132
2.125
1.707

0.0024
0.0044
0.0104
0.0016
0.003

0.0069
0.0014
0.0024
0.0054
0.0009
0.0016
0.0032

2.164 2.04 2.127

1.887
1.762
1.568
1.54

1.519
1.645
1.578
1.562
1.656
1.71

1.656

1.661 2.108
1.214 1.88

1.863 2.113
1.643 2.099
1.5 1.958
1.736 2.08

1.475 2.136
1.464 2.032
1.698 2.227
1.751 2.327
1.814 2.437

Colm 0 represents calibration loads in kg, Colm 1 represents the moment arm, Colm 2
represents the Strain Gage Number, Colm 2-6 represents Strain Gage HBM readings for
piles POB1, POB2, P3B1,P3B2, P3B3 and P3B4 respectively

Load Combinations

Moment Arm Combinations

mv HBM Strain Gage Data

Calibration Factor. Here, the columns represents the Piles POB1, POB2, P3B1,P3B2, P3B3 and P3B4 respectively and the rows
represents the Strain Gage readings SG1 to SG4 (top to bottom) for three moment combinations
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2.3.2 Axial Load vs Time

Function for determining the Time, Displacemnt and Axial Load Distribution in each pile

ConvLd (RawdataHBM , PileNum , CF , smthn , LdType) := || RawDataSG « || it LdType =1
” . my
| —submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,9 ,12) +——
v

elseif LdType =2

mV
—submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,1, 4) ——

\ 4

else

mV
—submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,5 , 8) ——
\4

for i € 0,1..rows (RawDataSG) — 1

for j € 0,1..cols (RawDataSG) — 1

q  + RawDataSG - RawDataSG
i i 0.5

SG1. || if LdType=1

selfac
4, ,mean (submatrix (CF , 0, 2, PileNum , PileNum)) + Nscale : 1)
i

else

selfac
a; - mean (submatrix (CF , 0, 2, PileNum , PileNum)) « Nscale 0, 2)
i

5G2 —

LdType = 1

sclfac
q; - mean (submatrix (CF, 3, 5, PileNum , PileNum)) « Nscale ’ 1)
i,

else

i,

sclfac
q; - mean (submatrix (CF, 3, 5, PileNum , PileNum)) + Nscale o,)

SG3 —

LdType =1
selfac
g, ,mean (submatrix (CF , 6 , 8 , PileNum , PileNum)) « Nscale 0,1
i,
else

selfac
[q , * mean (submatrix (CF , 6, 8 , PileNum , PileNum)) « Nscale 0, 2)
i,

5G4 —

LdType = 1
selfac
a; - mean (submatrix (CF , 9, 11, PileNum , PileNum)) + Nscale 0,1
i3

else

selfac
[q 4+ mean (submatrix (CF, 9, 11, PileNum , PileNum)) + Nscale 0, 2]
i3

augment (medsmooth (SGI(O) s smthn> ;» medsmooth (SGZ(I) s smthn) » medsmooth (SGS(Z) s smthn) , medsmooth (SG4(3) s smthn))

Function for determining the time and displacement

TimeZero (RawdataHBM) := || TimeP « submatrix (RawdataHBM , 0 , rows (RawdataHBM) —1,0,0) s
for ¢ € 0,1..rows (TimeP) -1

k — (TimeP‘ — TimePD)

CmpRat
q— —(Tz'meP_ - TimePO) -% .100

augment (k s q)
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There were four strain gages placed within the P3 pile. The following sub sections provides the details on the load distributions:
G2P3S2B20HBM := READEXCEL (“.\2P3B2()D.xlsx” , “Sheetl (2)!A3:M5553”)

TimeDispG2P3S2B20 := TimeZero (G2P3S2B20HBM )

AzLdG2P3S2B20 := ConvLd (G2P3S2B20HBM ,3 ,CFAzl,111,1)

A A
1200 12001
1100 1100+
1000 1000+
900 9004
800
800
700
600 700
:
G2P3S2B20H 6001 1
500 : G2P3S2B20HBM" |=.s
400 500 s
300 400
200 300+
100 200
| ‘ | | : : : ‘ ‘ ‘ ‘ ‘ 4 100+
—0.0055-0.0053-0.005%+0.0049-0.0047%0.0045-0.0043-0.00430.0039-0.0037%0.0035-0.0033
,
—0.06250624062306220020.066@.06-0906-0806-D706-D6068-050014
9 1
G2P3S2B20HBM"
10
G2P352B20HBM"™
A
1200 A
1100 1200+
1000 1100
900 1000
800 900+
700 8001
. G2P3$2B20HBMY) |1 o] .
.S 600+ ]\4(0
- A -l G2P3S2B20HBMY |=.s
400 4001 S
300 300+
200 200
100 100
Y » g
—0.06810845004L0635606:31 08260602 081606010686 ()00.D004 —5.08%.0868 086Y.0865 0863 0862 0863. 08580858 0855 08530853
12
G2P3S2B20HBM ™ G2P352B20HBM"?

Fie H 1. Rawdata axial load time historv for nile eroun 2P3S2B20

5



Appendix H
Data Conversion and Processing Sheet for NI03 series of Centrifuge Tests on 2P3S2B20 Helix Pile Group

TimeDispG2P352B20" (s)

»

—40 ) 40 80 120 160 200 240 280 320 360 400

AzLdG2P352B20" (kN)  AzLdG2P352B20Y (kN)

—AzLdG2P352B20% (EN)  AxzLdG2P352B20° (kN)

Fig H 2. Axial Load time history for pile group 2P3S2B20



Appendix H
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S2B20 Helix Pile Group

TimeDispG2P3S2B 200

0=05 »
+ >

—40 > 80 120 160 200 240 280 320 360 400

AzLdG2P352B20") (kN)  AzLdG2P352B20Y (kN)

—AxLdG2P352B20% (kN)  AxLdG2P352B20% (kN)

Fig H 3. Axial Load -displacement for pile group 2P3S2B20
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Functions for determining the Q distribution profile at strain gauge location
TOL :=0.00000001

SGplotQP (AzLdGAP3S2B0 , TimeDispGAP3S2B0 , PileNum) = QPO « if PileNum =0
augment (lookup (=5 , TimeDispGaras2p0!) | AcraGaPas2Bo® | snear) , tookup (<10 , TimeDispGaras2polV) | aztacarss25o® | snear) | 1ookup (<15, TimeDispGapas2nol) | AzrdGarss2p0) | “near”) | 1ookup (~20 , TimeDispG4Pas2Bo) | AzrdGapas2Bo®) | snear))
else
augment (lookup (~2.5 , TimeDispGaP3s250X) | AzLdGarss2no® | “near) | 1ookup (=5 , TimeDispGarss2B01) | AzLdcarss2Bo®) | “near) | tookup (~7.5 , TimeDispGarssanoll) | Azracaras2pol® | “near) | 1ookup (—10 , TimeDispGarss2B01) | AzLdcarssanol®) | “near))
QP1 «— if PileNum =0
augment (lookup (=5 , TimeDispGapss2Bot) | AzLacapss2Bo") | near) | tookup (<10 , TimeDispGapss2noll) | AzracapssaBoll) | “near) | 1ookup (<15 , TimeispGarssanol) | Azracarssapoll) | “near) , 1ookup (20, TimeDispGaras2B01) | AzLdcapssanoll) | “near))
else

augment (lookup (~2.5 , TimeDispGaP3s250t) | AzLdGarssanoll) | “near) | 1ookup (=5 , TimeDispGarss2B01) | AzLdcarss2po) | “near”) | ookup (~7.5 , TimeDispGarssanoll) | Azracaras2poll) | “near”) | 1ookup (~10 , TimeDispGar3s2501) | AzLdcapssanoll) | “near))

QP2 — augment (lookup (~2.5, TimeDispGaP3s2B0lY) | AzLdGapss2Bol? | “near”) , lookup (-5 , TimeDispGap3s2BolY) | AsLdGapss2ol? | “near”) , lookup (~7.5 , TimeDispG. (1) | AsLdc ) “near”) , lookup (~10 , TimeDispGapss2Boll) | AvLdcapss2Bo? | “near”))
QP3 — augment (lookup (~2.5, TimeDispGap3s2BolY) | AzLdGapss2Bo® | “near”) , lookup (-5 , TimeDispGapss2BolY) | AzLdGapss2Bo® | “near”) , lookup (~7.5 , TimeDispGapss2Boll) | AvLdGapss2Bo® | “near”) , lookup (~10, TimeDispGapss2oll) | AvLdcapss2Bo®) | “near”))

combined «— if PileNum =0

stack (QPO , QP1, QP1, QP1, QP1, QP1)

else

stack (QP0 , QP1, QP1, QP2 , QP2 , QP3)

combined

127.1646 104.8153 177.2383  191.0298
42.1326  73.4209 107.198 114.8423
42.1326  73.4209 107.198 114.8423
—6.5348 —8.8078 —177.0098 —193.489
—6.5348 —8.8078 —177.0098 —193.489

235.0636 292.6857  350.5552  360.1382

Qdist4P352B20 := SGplotQP (AzLdG2P352B20 , TimeDispG2P352B20 , 3) =

0.6+3.5 0.6+3.5

0.6  0.6+2
sclfac .
SGEmbDP:=—| ° 0.6+2 1 p.Nscale” *°  SG embedment depth in prototype scale. Here, colm 0-4 represents
0 0.6+1 .
0 0.6+ 1 PO to P4. Row 0 to 5 represents depth to strain SG 1 to 4
0 0.6
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SGEmbDPY (m)

v

—195 —130 —65 ( 65 130 195 260 325 390
—0.15+

—0.35+

—0.55+

—1.35+

—1.55+

—1.95+

—2.15+

—2.35+

QdistaP352B20" (kN)  QdistaP352B20" (kN)

QdistaP352B20% (kN)  Qdist4P352B20° (kN)

Fig H 4. Axial Load -depth for pile group 2P3S2B20
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2.3.3 Bending Moment vs Time

BM2G2P352B20 := ConvLd (G2P3S2B20HBM ,2 ,CFBM , 77, 3)

A A
1200 1200+
1100+ 1100
1000+ 1000+
900+ 9004
8001 8001
7001 h
700+
G2pP3s2B20HBMO |1 / 1
N — 8 600 0
500 5 = G2p3s2B20HBM" (—-s)
400 S
300 400+
200+ 300+
100+ 200
0 B 100+
0.0008).0010.0010.0018.0014.0016.0019.0019.002.0022
1 g
—0.0HB0HR0640.004+D.060.0663.066R 00AT. 066H 066H 0063L.0003
5 1
G2P352B20HBMY)
6
G2P3S2B20HBM®
A A
1200+ 1200
1100 1100
1000 1000
900+ 9()() —
800+ 800
700+ 1 700 1
600+ X 0
" G2P3s2B20HBMY | =.s w00 G2P352B20HBM" | —.s
N S 500 S
400+
400
300+
2004 300
100+ 200
> 100
—0.0608060806070607068060 80608060 8050805000106M40004 _
h —0.05 0 0.05 0.1 0.15 0.2 0.25 0.5 8)0.3?3 0.4 0.45 .
7
G2P352B20HBM" G2P352B20HB

Fig H 5. Raw Data Bending Moment 2 for pile group 2P3S2B20
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TimeDispG2P352B20° (s)

605+

550+

495+

440+

SoUT

275+

220+

165+

110

v

21 18 15 12 9 6 3 ) 3 6 9

—BM2G2P352B20" (m-kN) BM2G2P352B20" (m-kN)

BM2G2P352B20% (m-kN)  BM2G2P352B20" (m.kN)

Fig H 6. Bending Moment 2 time history for pile group 2P3S2B20
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TimeDispG2P3S 2820

\4

-10 -8 —6 - -2

—BM2G2P352B20" (m-kN) BM2G2P352B20" (m-kN)

BM2G2P352B20” (m-kN)  BM2G2P352B20" (m.kN)

Fig H 7. Bending Moment 2 - displacement for pile group 2P3S2B20

~2.3931 —4.9878 —7.1004 —7.4335
15098  3.3993 4.7797  5.073
BMMazdist2P352B20 := SGplotQP (BM2G2P352B20 , TimeDispG2P352B20 , 3) = (1)'2238 i"zz;’g ‘I"Zgig ?'2234 kN
0.859  1.6825 1.6913 1.6294
0.7155 1.7694 2.4172 2.6203

12
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SGEmbDPY (m)

—0.151

—0.35+

—0.55+

—-0.75+

BMMazdist2P352B20° (m-kN) BMMaxdist2P352B20" (m-kN)

BMMaaxdist2P352B20° (m+-kN) BMMazdist2P352B20% (m-kN)

Fig H 8. Bending Moment 2 - depth for pile group 2P3S2B20
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2.3.4 LVDT vs Time
Function for determining the time and displacement from LVDT

LVDT (LVDTRawData , smthn) := | TimeLVDT « submatrix (LVDTRawData , 0 , rows (LVDTRawData) —1,0,0) s

LVDT1 «+ medsmooth (submatrix (LVDTRawData ,0,rows (LVDTRawData) -1,1, 1) mm , smthn)
LVDT?2 «— medsmooth (submatrix (LVDTRawData ,0,rows (LVDTRawData) -1,2, 2) mm , smthn)
for 2 € 0,1..rows (LVDTRawData) -1

k «— (TimeLVDT - TimeLVDTU)

Ifac

q —(LVDTI_ - LVDTIO) +2.Nscale °°

sclfac
mv<——(LVDTZ—LVDT2O)-2-Nscale 0.0

sclfac
n «— 7(TimeLVDT> - TimeLVDTD) -CmpRate - Nscale

0,0

augment (k ,q,m, n)

LVDTRawData:= READEXCEL (“.\Nav—2P3B20D.xlsx”, “Sheet1 (2)!A2:C557”)

0 ®)
TimeLVDT := LVDT (LVDT RawData,, 11) LVDTC:=LVDT (LVDTRawData,11)
(1) (2
LVDTL:=LVDT (LVDTRawData,11) LVDTR:=LVDT (LVDTRawData,11)
(s, 55 110 165 220 275 330 385 140 195 550 605 g
—2.5
—l;’r
—16+
s LVDTC (mm)
s LVDTL (mm)
—34+
3851 LVDTR (mm)
—43
—47.5 -

TimeLVDT (s)

Fig H 9. LVDT displacements time history for pile group 2P3S2B20
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Function for determining the tilting of the plate

sclfac

Tilt (SpacingDCDLR , SpacingDLDR) := || k — (SpacingDCDLR) - mm + Nscale ~ °*°
sclfac

q— (SpacingDLDR) «mm - Nscale 0.0

for 7 € 0,1..rows (LVDTRawData) -1

(LVDT C — LVDT. R)

m <
i

k
(LVDT C — LVDTL )
n «— ! :
i k
(LVDTR} — LVDTL )
li — i .

q

augment (m ,n, l)

Rot4P3S52B0:=augment (medsmooth (Tilt (7.1 , 7.8)(0) , 99) ,medsmooth <Tilt (7.1 , 7.8)(1) , 99) ,medsmooth (Tilt (7. 1, 7.8)(2) , 99))

RotaP352B0" Rot4P352B0MY Rot4P352B0%

A
0.092+
0.084+
0.076+
0.068+

0.06
0.052+
0.044+
0.036+
0.028+

0.02+
0.012 M

0.004

0 55 110 165 220 275 330 385 440 495 550 605

TimeLVDT (s)

v

Fig H 10. LVDT rotations time history for pile group 2P3S2B20
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Appendix I
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B10 Helix Pile Group
1. Introduction
The series of sheets in Appendix I contains the data conversion and processing procedures specifically for the NIO3 centrifuge test series on
4P3S2B10 Helix Pile Group. For the data conversion procedures, the raw data files were first corrected by subtracting the initial value of pre
spin data depending on file index. The data were then converted into engineering units through recalibrations of the strain gauges in the
centrifuge data logger.

2. HBM Data Conversion
HBM data were recorded by the HBM Data Logger connected to the main computer unit of the GeoCerf centrifuge.

2.1 General Information

2.1.1 Model Pile Dimensions

L:=271.8 mm
d:=12.7 mm
D:=38.1 mm
E:=169.1 mm
Hy:=150 mm
H,:=[150] mm

P :=m.D=0.1197 m
Hyp:=(H,— D)
P:=12.7T mm

2.1.2 Properties of Sand

y:=16.1 ﬂ3
m
p:=31.2 deg
3
§:=|—-p|=23.4d
(o]

2.1.3 Centrifuge Scale

NoSGages:=4

Nscale:=15
sclfac:= [1 2 3]

Length of the Pile
Diameter of the shaft
Diameter of the helix wale o Hdl- gt CL
Embedment depth of pile
Depth to bottom helix ] 7
Depth to top helix L L L
Perimeter of the Helical Pile Shaft i24
Effective Shaft Length 5 - .
Pitch of the helix 4L v
Lk H, $2(P2) = 15D
5{83(P3)=2.5D
$4 (P4) = 3.5D
Unit Weight L3 3
L T P -
4 P Ny
CV Friction Angle D |‘_'|D
PO P1 P2~P4
CV Dilation Angle Schematic of the model piles

1 refers to the Strain Gage at the bottom and 4 the Strain Gage at the top of the pile; Total No of Strain Gages: P0=2,
P1=3, P2 to P4=4

Centrifuge g-level
Centrifuge scale factor N"scale, 1 for displacement , 2 for force, 3 for Moment



Appendix I
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B10 Helix Pile Group

2.1.5 Loading Conditions

™ _ 0.0055 2
mmn S

CmpRate:=0.33 Actuator Loading rate in compression

2.2 Calibration of the Strain Gages in HBM Data Logger

2.2.1 Calibration of Axial Strain Gages
RawDataCalib:= READEXCEL (“..\Finalized NIO1\Calibration SGages HBM Centrifuge Corrected.xlsx”, “Sheetl!Al:GlZ”)

4.427 1 0.076 0.104 0.149 0.098 0.132
7.97 1 0.152 0.171 0.23 0.195 0.244
13.606 1 0.391 0.295 0.343 0.287 0.336
4.427 2 0.048 0.06 0.078 0.091 0.1
7.97 2 0.053 0.114 0.114 0.136 0.194
RawDataCalib | 13606 2 0.088 0214 0.161 0.225 0.231
4.427 3 0 0.043 0.028 0.052 0.037
797 30 0.063 0.151 0.087 0.078
13.606 3 0 0.127 0.199 0.149 0.112
4427 4 0 0 0.089 0.035 0.028
797 40 0 0.109 0.067 0.055 Colm 0 represents calibration loads in kg, Colm 1 represents Strain Gage Number, Colm
13.606 4 0 0 0-145 0.127 0.141 2-6 represents Strain Gage HBM readings for piles P0,P1,P2,P3 and P4 respectively
CmbLdAz := RawDataCalib®” kg - g Load Combinations

CalibdataPile := submatrix (RawDataCalib, 0, rows (RawDataCalib) —1,2,6) - 107*. mTV HBM Strain Gage Data

Function for Calibration factor for all strain gages in each pile

571.237 417.443  201.369 443 328.804
514204 457.07  330.822 400.815  320.324
341251 452.303 380.007 464.91  397.111
004.450 723.567 556.50  47TT.077 434.14
1474.698  685.605 685.605 574.600  402.881
Azt | for & € 0,1...vows (CalibdataPile) -1 _| 1516242 623501 828753 593.019 577.616 | AN

0 1009.620 1550.501 834.885 1173.352 | my
for j € 0,1..cols (CalibdataPile) — 1 1240.619 517.609 898.379 1002.038 | —

0
v
k —CmbLdAz 0 1050.624 670.499  895.499 1191.333
o ) 0 0 487.798 1240.401 1550.501
q, ;+ CalibdataPile, 0 0 717.055 1166.552 1421.073
m —if g =0 0 0 920.202 1050.624  946.307
LR LN
0
else
k.

Calibration Factor. Here, the columns represents the Piles from PO to P4 (left to right) and the rows represents the Strain Gage
readings SG1 to SG4 (top to bottom) for three load combinations
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2.2.1 Calibration of Bending Strain Gages
RawDataCalibBend := READEXCEL (“.\CalibBendingRawData.xlsx”, “Sheet2!A2:113")

RawDataCalibBend =

2.404
4.411
9.357
2.404
4.411
9.357
2.404
4.411
9.357
2.404
4.411
9.357

212
212
212
147
147
147
120
120
120

85

85

85

R R W W W NN R =

0.003
0.0057
0.0129
0

0
0
0
0
0

0.0009

0.0021
0.0041

0.0031 0.0027
0.0048 0.0045
0.0124 0.0126
0 0.0019
0 0.0033
0 0.0085
0 0.0015
0 0.0026
0 0.0068
0.0011 0.0009
0.002 0.0017

0.0047 0.0046

CmbLoadMoment := RawDataCalibBend® kg-g

CmbMArm = RawDataCalibBend" mm

CalibdataPileM := submatrix (RawDataCalibBend ,0,rows (RawDataCalibBend) -1,3, 8) .

0.0023
0.0049
0.011

0.0022
0.0041
0.0089
0.0017
0.0033
0.0071
0.0012
0.0022
0.0047

0.0025
0.0055
0.016

0.0019
0.0039
0.009

0.0016
0.0035
0.0075
0.0012
0.0021
0.0043

Function for Calibration factor for all strain gages in each pile

CFBM := | for i € 0,1..rows (CalibdataPileM) — 1

m

m_ «if ¢
(] i,

J

I« CmbMArm.
iLj i,0

=0

q.  + CalibdataPileM
i, g iyj

for j € 0,1..cols (Calibdata.Pile.M) -1
k.« CmbLoadMoment 0
i i,

1.672
1.603
1.505
0

0
_|o
0
0

0
2.33
1.794
1.889

1.617
1.911
1.573

1.844
2.02

1.543
1.796
1.945
1.581
1.849
1.989
1.624
2.132
2.125
1.707

0.0024
0.0044
0.0104
0.0016
0.003

0.0069
0.0014
0.0024
0.0054
0.0009
0.0016
0.0032

2.164 2.04 2.127

1.887
1.762
1.568
1.54

1.519
1.645
1.578
1.562
1.656
1.71

1.656

1.661 2.108
1.214 1.88

1.863 2.113
1.643 2.099
1.5 1.958
1.736 2.08

1.475 2.136
1.464 2.032
1.698 2.227
1.751 2.327
1.814 2.437

Colm 0 represents calibration loads in kg, Colm 1 represents the moment arm, Colm 2
represents the Strain Gage Number, Colm 2-6 represents Strain Gage HBM readings for
piles POB1, POB2, P3B1,P3B2, P3B3 and P3B4 respectively

Load Combinations

Moment Arm Combinations

mv HBM Strain Gage Data

Calibration Factor. Here, the columns represents the Piles POB1, POB2, P3B1,P3B2, P3B3 and P3B4 respectively and the rows
represents the Strain Gage readings SG1 to SG4 (top to bottom) for three moment combinations
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2.3.2 Axial Load vs Time

Function for determining the Time, Displacemnt and Axial Load Distribution in each pile

ConvLd (RawdataHBM , PileNum , CF , smthn , LdType) := || RawDataSG « || it LdType =1
” . mV
| —submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,9 ,12)  + ——
v

elseif LdType =2

mV
—submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,1, 4) ——

\ 4

else

mV
—submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,5 , 8) ——
\4

for i € 0,1..rows (RawDataSG) — 1

for j € 0,1..cols (RawDataSG) — 1
q  + RawDataSG - RawDataSG
i i 0.5
5GL | it LdType=1
i
selfac
4, ,mean (submatrix (CF , 0, 2, PileNum , PileNum)) + Nscale 1
i,
else
selfac
a; - mean (submatrix (CF , 0, 2, PileNum , PileNum)) + Nscale 0,2
i
G2 | if Larype=1
i,
sclfac
q, - mean (submatrix (CF, 3, 5, PileNum , PileNum)) - Nscale )1
i
else
sclfac
q; - mean (submatrix (CF, 3, 5, PileNum , PileNum)) - Nscale ~ *°
i,
a3, | it LdType=1
i,
sclfac
q, - mean (submatrix (CF , 6, 8 , PileNum , PileNum)) « Nscale 0,1
i
else
selfac
q, - mean (submatrix (CF , 6, 8 , PileNum , PileNum)) « Nscale 0,2
i,
5G4, | if LaType=1
i3
selfac
a; - mean (submatrix (CF, 9, 11, PileNum , PileNum)) + Nscale 0,1
i,
else
selfac
q; - mean (submatrix (CF, 9, 11, PileNum , PileNum)) + Nscale 0,2
i3

augment (medsmooth (SGI(O) s smthn> » medsmooth (SGZ(I) s smthn) » medsmooth (SGS(Z) s smthn) , medsmooth (SG4(3) s smthn))

Function for determining the time and displacement

TimeZero (RawdataHB]VI ) := || T¢émeP « submatrix (RawdataHBAI ,0,rows (RawdathBM ) -1,0, 0) 8
for i € 0,1..rows (TimeP) — 1
k — (TimeP_ - TimePU)
i i
3 X CmpRate
q — —(szeP — Tv,mePn) 100
i i

D
I

augment (k s q)
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There were four strain gages placed within the P3 pile. The following sub sections provides the details on the load distributions:
G4P352B10HBM := READEXCEL (“.\2P3B10G xlsx” , “Sheet1 (2)!A3:M5423")
TimeDispG4P3S2B10:=TimeZero (GAP352B10HBM)

AzLdGAP3S2B10 := ConvLd (GAP3S2B10HBM ,3 ,CFAzl,11,1)

A A
700 700+
630 630+
560 560
490 490+
420 420+
350 3501 ]W(O> 1
. G4P3S2B10H. .| G4P3S2B10HB —.s
- - S
210 210
140 140+
70 70+
—0.0027%0.0024-0.0022-0.0019-0.001%0.0014-0.0012-0.0009-0.00070.0004-0.00020.0P01 —0.06029.062T.06022. 0022 064®@.004(T.064A. 042 0009.064T.0004
9 10
G4P3S2B10HBM" G4P3S2B10HBM""”

A
700

630
560
490
420
350

280

G4P3S2B10HBM" ( ! -s)

G4P3S2B10HBM® (l.s)
S

219 S

140
140 70

70

»

o
—0.0835063206280625062106AB060L0610L06WZ0004( 0.0004

G4P3S2B10HBM"

»

o
—0.000.082706B106DL061B06AH06AR08AN06AE0003() 0.0003

GAP3S2B10HBM™)

Fig I 1. Rawdata axial load time history for pile group 3P3B10G
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TimeDispG4P3S52B 10 (s)

550+
495+
440+
385+
330+
275+
220+
165+
110+

55+

»
>

85 170 255 340 425 510 595 680 765 850

AzLdG4aP352B10Y (kN

kN

(kN)
AzLdG4P352B10% (kN)
AxLdG4P352B10% (kN)

() (kN)

AxLdG4P3S2B10Y (kN

Fig 1 2. Axial Load time history for pile group 3P3B10G
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TimeDispG4P3S2B 10"

AxLdG4P352B10°

kN

AzLdG4P3S2B10"Y (kN

| (kN)
(1 (kN)
AzLdG4P352B10% (EN)
AzLdG4P352B10% (EN)

Fig I 3. Axial Load -displacement for pile group 3P3B10G
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Functions for determining the Q distribution profile at strain gauge location

TOL :=0.00000001

SGplotQP (AzLdGAP3S2B0 , TimeDispGAP352B0 , PileNum)

Qdist4P3S2B10 := SGplotQP (Aa:LdG4P3SQBlO , TimeDispG4P3S2B10 , 3) =

= | | QPO — it PileNum =0

augment (lookup (~5 , TimeDispGaP3s2B01) | AzzdGaP3s2Bol®) | near”) | 1ookup (~10 , TimeDispGarssapoll) | AzLdcarss2B00) | “near”) | lookup (~15 , TimeDispcaras2poll) | Asrdcaras2Bo® | “near) , ookup (20 , TimeDispcaras2Bo™) | Azracarssaol® | near))
clse
augment (lookup (~2.5 , TimeDispGaP3s250t) | AzLdGarss2no©® | “near) | 1ookup (=5 , TimeDispGarss2B01) | AzLdcarss2Bo®) | “near) | tookup (~7.5 , TimeDispGarssanoll) | Azracarss2pol® | “near) | 1ookup (~10 , TimeDispGarss2B0) | AzLcarssanol®) | “near))
QP — it PileNum=0
augment (lookup (=5 , TimeDispGapssaBot) | AzLacapss2Bo™) | near) , tookup (<10 , TimeDispGapssapolV) | Azracapssanoll) | near) | 1ookup (<15 , TimeDispeapssanol) | AzLacarssapoll) | “near) , 1ookup (20, TimeDispGarss2B0) | AzLcapssanoll) | “near))
else
augment (lookup (~2.5 , TimeDispGar3s250t) | AzLdGarssanoll) | “near) | 1ookup (=5 , TimeDispGarss2B01) | AzLdcarss2pol) | “near) | ookup (~7.5 , TimeDispGarssanoll) | Azracarasapoll) | “near”) , 1ookup (~10 , TimeDispGar3s250) | AzLdcarssanoll) | “near))
QP2 — augment (lookup (~2.5, TimeDispGap3s2BolY) | AzLdGapss2ol? | “near”) , lookup (-5 , TimeDispGap3s2BolY) | AvLdGapss2Bol? | “near”) , lookup (~7.5 , TimeDispG. (1) | AsLdc ) “near”) , lookup (~10 , TimeDispGapss2Boll) | AcLdcapssaBo? | “near”))
QP3 — augment (lookup (~2.5, TimeDispGap3s2BolY) | AzLdGapss2Bo® | “near”) , lookup (-5 , TimeDispGapss2BolY) | AsLdGapss2Bo® | “near”) , lookup (~7.5 , TimeDispGapss2Boll) | AvLdGapss2Bo® | “near”) , lookup (~10, TimeDispGapss2oll) | AvLdcapss2Bo® | “near”))

combined «— if PileNum =0

stack (QPO , QP1, QP1, QP1, QP1, QP1)

else

stack (QP0 , QP1, QP1, QP2 , QP2 , QP3)

combined

85.578 163.5176 235.7991 242.023

90.665 190.3965 276.7949 283.817

90.665 190.3965 276.7949 283.817
166.4972 362.5433 569.6703 514.6922
166.4972 362.5433 569.6703 514.6922
271.3103 560.9322 817.2943 837.1007

0.6+3.5 0.6+3.5

0.6  0.6+2
sclfac .
SGEmbDP:=—| ° 0.6+2 1 p.Nscale” *°  SG embedment depth in prototype scale. Here, colm 0-4 represents
0 0.6+1 .
0 0.6+ 1 PO to P4. Row 0 to 5 represents depth to strain SG 1 to 4
0 0.6



Appendix I
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B10 Helix Pile Group

SGEmbDPY (m)

85 160 235 310 385 460 535 610 685 760 835 910

QdistaP352B10°) (kN

Qdist4P352B10"

Qdist4P352B10%Y (kN

)
kN)
)
)

' (

(1 (
QdistaP352B10% (kN

3) (

Fig I 4. Axial Load -depth for pile group 3P3B10G



2.3.3 Bending Moment vs Time
BM1G4P3S2B10:=ConvLd (G4P3S2B10HBM ,3,CFBM ,111,2)

Appendix I
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B10 Helix Pile Group

BM?2G4P3S2B10:=ConvLd (G4P3S2B10HBM ,5,CFBM ,77,3)

700+
630+
560+
490+
420+
350+
280+
210+
140+

70+

»

0.216.2176.210.2200.222.2236.226.22606.228.2296.230.2325

G4P3S2B10HBM"Y

700

350
280
210
140

70

»

o
—0.086064506M106AB06420001( 0.00MLOOGROOABOOMHO005

G4P3S2B10HBM®

7001
630+
560+
490+
420+

G4P352B10HBM" (l . s) 350}

280+

S

210+

140+

70+

G4P3S2B10HBM (1-3)
S

G4P3S2B10HBM" (l-s)
S

1.9737973897399739.971.9741974297439743974497459746

G4P3S2B10HBM"Y

700+
630
p60
190
1120

G4P352B10HBM" (l.s)

80
S

40+

70+

9
—0.130.065 () 0.0650.130.1950.260.3250.390.4550.520.585

»
1

G4P3S2B10HBMY

Fig I 5. Raw Data Bending Moment 1 for pile group 3P3B10G
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Appendix I
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B10 Helix Pile Group

0

TimeZero(G4P3SQBlOHBM)< ) (s)

A

70 60 50 10 30 20 10 0 10 20 30 10

BM1G4P352B10" (m-kN) BM1G4P352B10" (m-kN)

BM1G4P352B10% (m-kN) BM1G4P352B10°) (m-kN)

Fig I 6. Bending Moment 1 time history for pile group 3P3B10G
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Appendix I
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B10 Helix Pile Group

(
TimeZero (G4P3S 2B10HBM )

1)

=70 —60 —=50 —40 -30 -20

BM1G4P352B10"” (m-kN)

-10

v

40

BM1G4P352B10" (m-kN)

BM1G4P352B10% (m-kN)

BM1G4P352B10%) (m-kN)

Fig I 7. Bending Moment 1 - displacement for pile group 3P3B10G

—33.5012 —-50.511

0.5547
0.5547
0.6671
0.6671
2.2961

BMMaxdist4P352B10 := SGplotQP (BM 1G4P352B10 , TimeDispG4P352B10 3) =

12

2.2723
2.2723
2.4511
2.4511
4.5271

—54.7045 —65.1459

3.4277
3.4277
3.731
3.731
5.0157

3.5251
3.5251
3.762
3.762
0.8834



Appendix I
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B10 Helix Pile Group

SGEmbDPY (m)

A,

-

=70 —63 —56 —49 —42 —-35 —28 —-21 —14 =7

—0.15
—0.35
—0.55
-0.75
—0.95

—-1.15

—-1.35

BMMaxdist4P352B10° (m-kN) BMMazdistaP352B10" (m-kN)

BMMazdist4P352B10° (m+kN) BMMaxdist4P352B10" (m.kN)

Fig I 8. Bending Moment 1 - depth for pile group 3P3B10G
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Appendix I

Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B10 Helix Pile Group

o
—0.2-0.18-0.16-0.14-0.12-0.1-0.08-0.06-0.04-0.02 ( 0.02

G4P3S2B10HBM"

700+
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560

490+

350+

280+

210+

140+

70+

4
—0.06805068050604060406(4060306030603060206020602000 1

G4P3S2B10HBM")

v

A
700+
630+
560
490+

420+

1 350+
G4P3S2B10HBM" (—.s) 250
s 210+

140+

70+

"
—0.3680.3480.3280.30680.2880.2680.2480.2280.2680.1880.1680.145

G4P3S2B10HBM'® (mTV)

G4P3S2B10HBM" (l.s)

S

; ; ; ; ; ; ; ; ; ; — ¢
-1.1 -1 -0.9-0.8-0.7-0.6—-0.5—-0.4—-0.3—-0.2-0.1

G4AP3S2B10HBM® (m7v)

Fig 1 9. Raw Data Bending Moment 2 for pile group 3P3B10G
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Appendix I

0

TimeZero (G4P35’2310HBM)< ) (s)

Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B10 Helix Pile Group

TimeZero(G4P3S2B10HBM )(0> (s)

»

—-150

o
6
)

150 300 150 600 750 900 1050 1200 15 o 15 3 4.5 6

BM2G4P352B10"” (m-kN) BM2G4P352B10" (m-kN)

7.5 9 10.5 12 13.5 15

BM2G4P352B10% (m.-kN)

BM2G4P352B10% (m«kN)

Fig I 10. Bending Moment 2 time history for pile group 3P3B10G
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Appendix I
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B10 Helix Pile Group

®

) :
TimeZero(GAP3S2B10HBM) TimeZero(G4P352B10HBM)

v

»
>

L0115 ; ; ; ; ; ; ; ;
—150 150 300 450 600 750 900 1050 1200

—6.25 D—'_—‘

—7.05F—

—7.85

BM2G4P352B10°) (m-kN) BM2G4P352B10" (m-kN) BM2G4P352B10% (m-kN)

BM2G4P352B10% (m«kN)

Fig I 11. Bending Moment 2 - displacement for pile group 3P3B10G

526.6036 160.3146 —6.4435 —6.4633
0.3301 —-0.5101 —0.3901 —0.5401
0.3301 —-0.5101 —0.3901 —0.5401
1.489 1.0535 0.4052 0.4052
1.489 1.0535 0.4052  0.4052
3.6043 5.4971  7.6279  7.968

BMMindist4P3S2B10 := SGplotQP (BM 2G4P352B10 , TimeDispG4P352B10 , 3) =

16



Appendix I
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B10 Helix Pile Group

SGEmbDPY (m)

—60 ) 60 120 180 240 300 360 420 480 540

0.15+
—0.35H
—0.55

—0.75

-0.95

BMMindist4P352B10° (m-kN) BMMindistaP352B10" (m-kN)

BMMindistaP352B10% (m-kN) BMMindistAP352B10% (m-kN)

Fig I 12. Bending Moment 2 - depth for pile group 3P3B10G
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Appendix I
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B10 Helix Pile Group

2.3.4 LVDT vs Time
Function for determining the time and displacement from LVDT

LVDT (LVDTRawData , smthn) := | TimeLVDT « submatrix (LVDTRawData , 0 , rows (LVDTRawData) —1,0,0) s
LVDT1 «+ medsmooth (submatrix (LVDTRawData ,0,rows (LVDTRawData) -1,1, 1) mm, smthn)
LVDT?2 «— medsmooth (submatrix (LVDTRawData ,0,rows (LVDTRawData) -1,2, 2) mm , smthn)
for 2 € 0,1..rows (LVDTRawData) -1
k — (TimeLVDT - TimeLVDTU)

Ifac

q— —(LVDTI_ - LVDTIO) +2.Nscale °°

sclfac
mv<——(LVDTZ—LVDT2O)-2-Nscale 0.0

sclfac
n «— 7(TimeLVDT> - TimeLVDTD) -CmpRate - Nscale

0,0

augment (k ,q,m, n)

LVDTRawData:= READEXCEL (“.\Nav—2P3B10G.xlsx”, “Sheet1 (2)!A2:C537”)

() (3)

TimeLVDT := LVDT (LVDT RawData,, 11) LVDTC:=LVDT (LVDTRawData,11)
(1) (2
LVDTL:=LVDT (LVDTRawData,11) LVDTR:=LVDT (LVDTRawData,11)
\l G’) 1i() 1(‘i5 22() _)7“; 3:;() Sh“» 44“() 4!‘)5 SV‘G() g

LVDTC (mm)

LVDTL (mm)

LVDTR (mm)

TimeLVDT (s)

Fig I 13. LVDT dispalcements time history for pile group 3P3B10G
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Appendix I
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 4P3S2B10 Helix Pile Group

Function for determining the tilting of the plate

selfac
Tilt (SpacingDCDLR , SpacingDLDR) := || k — (SpacingDCDLR) - mm + Nscale ~ °*°

sclfac
q— (SpacingDLDR) «mm - Nscale 0.0
for 7 € 0,1..rows (LVDTRawData) -1

(LVDTC — LVDTR)

m <«
i k
(LVDTC — LVDTL )
n <«
i k
(LVDTR, — LVDTL )

I«

q

augment (m ,n, l)

Rot4P3S52B0:=augment (medsmooth (Tilt (7.1 , 7.8)(0) , 99) ,medsmooth <Tilt (7.1 , 7.8)(1) , 99) ,medsmooth (Tilt (7. 1, 7.8)(2) , 99))

RotaP352B0" Rot4P352B0MY Rot4P352B0%

0.05+
0.04+
0.03+
0.02+
0.01+

v

55 110 165 220 275 330 385 140 195 550
—0.01+
—0.02+
—0.03+
—0.04+

—0.05+

—0.06+

TimeLVDT (s)

Fig I 14. LVDT rotations time history for pile group 3P3B10G
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Appendix J
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S3B20 Helix Pile Group
1. Introduction
The series of sheets in Appendix J contains the data conversion and processing procedures specifically for the NI03 centrifuge test series on
2P3S3B20 Helix Pile Group. For the data conversion procedures, the raw data files were first corrected by subtracting the initial value of pre
spin data depending on file index. The data were then converted into engineering units through recalibrations of the strain gauges in the
centrifuge data logger.

2. HBM Data Conversion
HBM data were recorded by the HBM Data Logger connected to the main computer unit of the GeoCerf centrifuge.

2.1 General Information

2.1.1 Model Pile Dimensions

L:=271.8 mm
d:=12.7 mm
D:=38.1 mm
E:=169.1 mm
Hy:=150 mm
H,:=[150] mm

P :=m.D=0.1197 m
Hyp:=(H,— D)
P:=12.7T mm

2.1.2 Properties of Sand

y:=16.1 ﬂ3
m
p:=31.2 deg
3
§:=|—-p|=23.4d
(o]

2.1.3 Centrifuge Scale

NoSGages:=4

Nscale:=15
sclfac:= [1 2 3]

Length of the Pile
Diameter of the shaft
Diameter of the helix wale o Hdl- gt CL
Embedment depth of pile
Depth to bottom helix ] 7
Depth to top helix L L L
Perimeter of the Helical Pile Shaft i24
Effective Shaft Length 5 - .
Pitch of the helix 4L v
Lk H, $2(P2) = 15D
5{83(P3)=2.5D
$4 (P4) = 3.5D
Unit Weight L3 3
L T P -
4 P Ny
CV Friction Angle D |‘_'|D
PO P1 P2~P4
CV Dilation Angle Schematic of the model piles

1 refers to the Strain Gage at the bottom and 4 the Strain Gage at the top of the pile; Total No of Strain Gages: P0=2,
P1=3, P2 to P4=4

Centrifuge g-level
Centrifuge scale factor N"scale, 1 for displacement , 2 for force, 3 for Moment



Appendix J
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S3B20 Helix Pile Group

2.1.5 Loading Conditions

™ _ 0.0055 2
mmn S

CmpRate:=0.33 Actuator Loading rate in compression

2.2 Calibration of the Strain Gages in HBM Data Logger

2.2.1 Calibration of Axial Strain Gages
RawDataCalib:= READEXCEL (“..\Finalized NIO01\Calibration SGages HBM Centrifuge Corrected.xlsx”, “Sheetl!Al:GlZ”)

4.427 1 0.076 0.104 0.149 0.098 0.132
7.97 1 0.152 0171 0.23 0.195 0.244
13.606 1 0.391 0.295 0.343 0.287 0.336
4.427 2 0.048 0.06 0.078 0.091 0.1
7.97 2 0.053 0.114 0.114 0.136 0.194
RawDataCalib | 13:606 2 0.088 0214 0.161 0.225 0.231
4.427 3 0 0.043 0.028 0.052 0.037
797 30 0.063 0.151 0.087 0.078
13.606 3 0 0.127 0.199 0.149 0.112
4427 4 0 0 0.089 0.035 0.028
797 40 0 0.109 0.067 0.055 Colm 0 represents calibration loads in kg, Colm 1 represents Strain Gage Number, Colm
13.606 40 0 0-145 0.127 0.141 2-6 represents Strain Gage HBM readings for piles P0,P1,P2,P3 and P4 respectively
CmbLdAz := RawDataCalib®” kg - g Load Combinations
. . . . . 3 mV .
CalibdataPile := submatrix (RawDataCalib , 0, rows (RawDataCalib) — 1,2, 6) - 10 3-7 HBM Strain Gage Data

Function for Calibration factor for all strain gages in each pile

571.237 417.443 201.369 443 328.804
514204 457.07  330.822 400.815 320.324
341251 452.303 380.007 464.91  397.111
004.450  723.567 556.50  47TT.077 434.14
1474.698  685.605 685.605 574.600  402.881
Azt | for i € 0,1...vows (CalibdataPile) -1 _| 1516242 623501 828753 593.019 577.616 | AN

0 1009.620 1550.501 834.885 1173.352 | my
for j € 0,1..cols (CalibdataPile) — 1 1240.619 517.609 898.379 1002.038 | —

0
v
k —CmbLdAz 0 1050.624 670.499  895.499 1191.333
o ) 0 0 487.798 1240.401 1550.501
q, ;+ CalibdataPile, 0 0 717.055 1166.552 1421.073
m —if g =0 0 0 920.202 1050.624  946.307
LR LN
0
else
k.

Calibration Factor. Here, the columns represents the Piles from PO to P4 (left to right) and the rows represents the Strain Gage
readings SG1 to SG4 (top to bottom) for three load combinations



Appendix J

Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S3B20 Helix Pile Group

2.2.1 Calibration of Bending Strain Gages
RawDataCalibBend := READEXCEL (“.\CalibBendingRawData.xlsx”, “Sheet2!A2:113")

2.404 212
4.411 212
9.357 212
2.404 147
4.411 147
9.357 147
2.404 120
4.411 120
9.357 120
2.404 85
4.411 85
9.357 85

RawDataCalibBend =

R R W W W NN R =

0.003
0.0057
0.0129
0

0
0
0
0

0

0.0009
0.0021
0.0041

0.0031 0.0027
0.0048 0.0045
0.0124 0.0126
0 0.0019
0 0.0033
0 0.0085
0 0.0015
0 0.0026
0 0.0068
0.0011 0.0009
0.002 0.0017

0.0047 0.0046

CmbLoadMoment := RawDataCalibBend® kg-g

CmbMArm = RawDataCalibBend" mm

CalibdataPileM := submatrix (RawDataCalibBend ,0,rows (RawDataCalibBend) -1,3, 8) .

0.0023
0.0049
0.011

0.0022
0.0041
0.0089
0.0017
0.0033
0.0071
0.0012
0.0022
0.0047

0.0025
0.0055
0.016

0.0019
0.0039
0.009

0.0016
0.0035
0.0075
0.0012
0.0021
0.0043

Function for Calibration factor for all strain gages in each pile

CFBM := | for i € 0,1..rows (CalibdataPileM) — 1

I« CmbMArm.
iLj i,0

m  —if ¢ =0
i i

m

q.  + CalibdataPileM
] ij

for j € 0,1..cols (Calibdata.Pile.M) -1
k.« CmbLoadMoment 0
i i

1.672
1.603
1.505
0

0
_|o
0
0

0
2.33
1.794
1.889

1.617
1.911
1.573

1.844
2.02

1.543
1.796
1.945
1.581
1.849
1.989
1.624
2.132
2.125
1.707

2.164
1.887
1.762
1.568
1.54

1.519
1.645
1.578
1.562
1.656
1.71

1.656

0.0024
0.0044
0.0104
0.0016
0.003

0.0069
0.0014
0.0024
0.0054
0.0009
0.0016
0.0032

2.04

1.661
1.214
1.863
1.643

1.736
1.475
1.464
1.698
1.751
1.814

2.127
2.108
1.88

2.113
2.099
1.958
2.08

2.136
2.032
2.227
2.327
2.437

Colm 0 represents calibration loads in kg, Colm 1 represents the moment arm, Colm 2
represents the Strain Gage Number, Colm 2-6 represents Strain Gage HBM readings for
piles POB1, POB2, P3B1,P3B2, P3B3 and P3B4 respectively

Load Combinations

Moment Arm Combinations

mv HBM Strain Gage Data

Calibration Factor. Here, the columns represents the Piles POBI, POB2, P3B1,P3B2, P3B3 and P3B4 respectively and the rows
represents the Strain Gage readings SG1 to SG4 (top to bottom) for three moment combinations



Appendix J
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S3B20 Helix Pile Group

2.3.2 Axial Load vs Time
Function for determining the Time, Displacemnt and Axial Load Distribution in each pile
ConvLd (RawdataHBM , PileNum , CF' , smthn , LdType) := || RawDataSG « || if LdType=1
mV
H —submatrix (RawdataHBM ,0,rows (RawdataHBM) -1,9, 12) . 7

elseif LdType=2

. mV

—submatrix (RawdataHBM , 0 , rows (RawdataHBM) — 1,1, 4) -
else

) mV

—submatrix (RawdataHB]\l ,0,rows (RawdataHB]W) -1,5, 8) 7

for i € 0,1..rows (RawDataSG) — 1
for j € 0,1..cols (RawDataSG) -1
q  + RawDataSG — RawDataSGn
iyj i i

SG1 || if LdType=1
sclfac
[q‘ , " mean (submatrix (CF ,0,2, PileNum , PileNum)) + Nscale v 1]
i,
else
sclfac
[q , " mean (submatrix (CF , 0, 2, PileNum , PileNum)) - Nscale 2]
i
SG2 || if LdType=1
sclfac
[q_ |+ mean (submatrix (CF ,3,5, PileNum , PileNum)) « Nscale 0, 1]
i
else

selfac
(q’ | - mean (subrnatrix (CF ,3,5, PileNum , PileNum)) + Nscale o, 2]

SG3. | if LdType=1
sclfac
[q_ , * mean (submatrix (CF , 6,8, PileNum , PileNum)) « Nscale 0 1]
T,
else

sclfac
[q‘ , " mean (submatrix (CF ,6,8,PileNum , PileNum)) + Nscale v 2]
1, 2

SG4

=3

LdType=1
sclfac
[q , - mean (submatrix (CF ,9,11, PileNum , PileNum)) « Nscale 0, 1)

else

selfac
[q_ , * mean (submatrix (CF ,9,11, PileNum ,PileNum)) « Nscale 0 2)
i,3

augment (medsmooth (SG1<“> s smthn) , medsmooth <SG2(1) s smthn) , medsmooth (SG3(2) N smthn) , medsmooth (SG4<3) s smthn))

Function for determining the time and displacement

TimeZero (RawdataHB]VI ) := || TémeP « submatrix (RawdataHBAI ,0,rows (RawdataHB]LI ) -1,0, 0) 8
for i € 0,1..rows (TimeP) — 1
k — (TimeP_ - TimePU)
i i
. . CmpRate
q — —(szeP — Tv,mePn) " 100
i i

D
I

augment (k s q)



Appendix J
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S3B20 Helix Pile Group

There were four strain gages placed within the P3 pile. The following sub sections provides the details on the load distributions:
G2P3S3B20HBM := READEXCEL (“.\3P3B2()D.xlsx” , “Sheetl (2)!A3:M8883”)
TimeDispG2P3S3B20 :=TimeZero (G2P3S3B20HBM )

AzLdG2P3S3B20 := ConvLd (G2P3S3B20HBM ,3 ,CFAzl,11,1)

A 4
1100+ 1100
1000 10007
900 9007
800 800
700 7007
600+ 600+ 1
w0 G2P3S3B20HBMY Wi G2P3S3B20HBMY | ~.s
4004 400+ 8
3004 300+
200+ 200
100 100
N ;
~0.00820.00780.007).00680.00640.0060.00580.00510.004).0042.00370.0033 | 0,062,002 0090 0630, 004 0812 0030, 0608, 006H. 060L 0001 |

M)
10
A A
1100 1100+
1000 1000+
900 900+
800
700
600
o (1
G2P3S3B20I G2P3S3B20HBMY |~ .s
400 400+ S
300 300+
200 200+
100 100+
} } } } } } } } } I O » } + } } } } } } 8% } } } } } #
—0.0029-0.0026-0.0023—0.002—0.00170.0014-0.0011+0.0008-0.0005-0.00020.0D002 —(J.1J(—H}SlHU';[)‘Hﬂ,l%ﬂ.()(-)((]}&(](—m];}“()U:;! 0.000300050008.000.0013
12
G2P3S3B20HBM™M G2P3S3B20HBM"?

Fig J 1. Rawdata axial load time history for pile group 2P3S3B20



Appendix J
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S3B20 Helix Pile Group

TimeDispG2P353B20" (s)

A
900+

810+
7201
630+
540+
150+
360+
270+
180+

90¢

v

) 65 130 195 260 325 390 455 520 585 650 715

AxLdG2P353B20" (kN)  AxLdG2P353B20" (kN)

AzLdG2P3S3B20% (kN) AxzLdG2P353B20% (kN)

Fig J 2. Axial Load time history for pile group 2P3S3B20



Appendix J
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S3B20 Helix Pile Group

TimeDispG2P3S3B20

v

65 130 195 260 325 390 455 520 585 650 715

AzLdG2P353B20" (kN)  AzLdG2P353B20" (kN)

AxLdG2P353B20% (kN) AxLdG2P353B20" (kN)

Fig J 3. Axial Load -displacement for pile group 2P3S3B20



Appendix J

Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S3B20 Helix Pile Group

Functions for determining the Q distribution profile at strain gauge location

TOL :=0.00000001

SGplotQP (AzLdGAP3S2B0 , TimeDispGAP352B0 , PileNum)

= | | QPO — it PileNum =0

augment (lookup (~5 , TimeDispGaP3s2B01) | AzzdGaP3s2Bol®) | near”) | 1ookup (~10 , TimeDispGarssapoll) | AzLdcarss2B00) | “near”) | lookup (~15 , TimeDispcaras2poll) | Asrdcaras2Bo® | “near) , ookup (20 , TimeDispcaras2Bo™) | Azracarssaol® | near))
clse
augment (lookup (~2.5 , TimeDispGaP3s250t) | AzLdGarss2no©® | “near) | 1ookup (=5 , TimeDispGarss2B01) | AzLdcarss2Bo®) | “near) | tookup (~7.5 , TimeDispGarssanoll) | Azracarss2pol® | “near) | 1ookup (~10 , TimeDispGarss2B0) | AzLcarssanol®) | “near))
QP — it PileNum=0
augment (lookup (=5 , TimeDispGapssaBot) | AzLacapss2Bo™) | near) , tookup (<10 , TimeDispGapssapolV) | Azracapssanoll) | near) | 1ookup (<15 , TimeDispeapssanol) | AzLacarssapoll) | “near) , 1ookup (20, TimeDispGarss2B0) | AzLcapssanoll) | “near))
else
augment (lookup (~2.5 , TimeDispGar3s250t) | AzLdGarssanoll) | “near) | 1ookup (=5 , TimeDispGarss2B01) | AzLdcarss2pol) | “near) | ookup (~7.5 , TimeDispGarssanoll) | Azracarasapoll) | “near”) , 1ookup (~10 , TimeDispGar3s250) | AzLdcarssanoll) | “near))

QP2 — augment (lookup (~2.5, TimeDispGap3s2BolY) | AzLdGapss2ol? | “near”) , lookup (-5 , TimeDispGap3s2BolY) | AvLdGapss2Bol? | “near”) , lookup (~7.5 , TimeDispG. (1) | AsLdc ) “near”) , lookup (~10 , TimeDispGapss2Boll) | AcLdcapssaBo? | “near”))

QP3 — augment (lookup (~2.5, TimeDispGap3s2BolY) | AzLdGapss2Bo® | “near”) , lookup (-5 , TimeDispGapss2BolY) | AsLdGapss2Bo® | “near”) , lookup (~7.5 , TimeDispGapss2Boll) | AvLdGapss2Bo® | “near”) , lookup (~10, TimeDispGapss2oll) | AvLdcapss2Bo® | “near”))
combined — if PileNum =0

stack (QPO , QP1, QP1, QP1, QP1, QP1)

else

stack (QP0 , QP1, QP1, QP2 , QP2 , QP3)

combined
247.2566 354.6181 404.126 411.4815
40.3548  90.665 157.5082 218.3071
Qdist2P353B20 := SGplotQP (AzLdG2P3S3B20 , TimeDispG2P353B20 ,3) = | 40-3548  90.665 157.5082 218.3071 | b

68.4741 179.5669 269.6345 414.254
68.4741 179.5669 269.6345 414.254
133.0392 267.947 392.391 523.9354

0.6+3.5 0.6+3.5
0.6 0.6 +2

SGEmbDP := —

0.6 +2

0
8 8:2:1 PO to P4. Row 0 to 5 represents depth to strain SG 1 to 4
0

.D-Nscale " SG embedment depth in prototype scale. Here, colm 0-4 represents

0.6



Appendix J
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S3B20 Helix Pile Group

SGEmbDPY (m)

40 90 140 190 240 290 340 390 440 490 540

—0.151

0.351
—0.55+
—0.751
—0.95+
—1.15+
—-1.35¢1

1.55+
—1.751
—1.95+
—2.15+
—2.35¢1

Qdist2P353B20" (kN)  Qdist2P353B20" (kN)

Qdist2P353B20% (kN)  Qdist2P353B20° (kN)

Fig J 4. Axial Load -depth for pile group 2P3S3B20



Appendix J

Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S3B20 Helix Pile Group

2.3.3 Bending Moment vs Time

BM2G2P353B20:= ConvLd (G2P3S3B20HBM ,2 ,CFBM , 999, 3)

A
1100+
1000+
900+
800+
700+
600
500+
400+
300+
200+
100+

»

o9 ; ; ; ; ; ; ; ; ; ;
0 0.000@.0004.0006.0008.00D.001@.0014.0016.0018.002

G2P3S3B20HBM"

A

1100+

1000+

900+

800+

7001+

600+

500+

400+

300+

200

100+

»

Y
—0.00+D.006D.0004 (0 0.0004.000D.001D.00149.0018.0021

G2P3S3B20HBM"

A
1100+
1000+
900+
800+

700+

G2P353B20HBM" (ls) 1

S

F06

sl G2P353B20HBM") (—-s)

300+
200+
100+

0 >
0 0.0001L00CDL. 0GR 000E 0003 000 000 O00E000E 00U 0007

G2P3S3B20HBM®

A

920
919.4
918.8
918.2
917.6

917

916.4

G2P3S3B20HBM" (l.s)

G2P3S3B20HBM" (i . s)
S

8

915.8

915.2

914.6

914

»
»

—-0.01 0 0.01 0.02 0.03 0.04 0.05 0.06 P.07 0.08 0.09 0.1

G2P3S3B20HBM®

Fig J 5. Raw Data Bending Moment 2 for pile group 2P3S3B20
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Appendix J
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S3B20 Helix Pile Group

0

TimeZero(G2P3SBBZOHBM)< ) (s)

A

900

810

720

630

540

450

360

270

180

; ; ; ; ; ; ; ; ; ; ) ;
725 —6.55 —5.85 —5.15 —4.45 -3.75 —-3.056 -2.35 —-1.65 —0.95 —0{25 0.45

BM2G2P353B20" (m-kN) BM2G2P353B20" (m-kN)

BM2G2P353B20% (m-kN) BM2G2P353B20° (m-kN)

Fig J 6. Bending Moment 2 time history for pile group 2P3S3B20
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Appendix J
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S3B20 Helix Pile Group

(1)

TimeZero (G 2P3S3B20HBM )

v

BM2G2P353B20" (m-kN) BM2G2P353B20" (m-kN)

BM2G2P353B20% (m-kN) BM2G2P353B20° (m-kN)

Fig J 7. Bending Moment 2 - displacement for pile group 2P3S3B20

—1.4113 —-2.8226 —3.857 —4.7336
—0.9922 —1.8808 —2.4589 —2.9161
—0.9922 —1.8808 —2.4589 —2.9161
—1.833 —2.8248 —4.2151 —-5.1449
—1.833 —2.8248 —4.2151 -5.1449
—-1.2763 —2.4076 —3.5872 —5.2115

BMMindist2P3S3B20 := SGplotQP (BM 2G2P3S3B20 , TimeDispG2P353B20 , 3) =

12



Appendix J
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S3B20 Helix Pile Group

SGEmbDPY (m)

t t t t t t t t t t t t y
—5.25 —4.85 —4.45 —4.05 —3.65 —-3.25 —-2.85 —2.45 —2.05 —1.65 —1.25 —0.85 1

—0.15+

0.35+
—0.55+
0.75+
—0.95+
1.15+
—1.35+
1.55+
—1.75¢
—1.95+
—2.15¢
—2.35¢1

BMMindist2P353B20° (m-kN) BMMindist2P353B20" (m-kN)

BMMindist2P3S3B20° (m-kN) BMMindist2P353B20° (m-kN)

Fig J 8. Bending Moment 2 - depth for pile group 2P3S3B20
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Appendix J
Data Conversion and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S3B20 Helix Pile Group

2.3.4 LVDT vs Time
Function for determining the time and displacement from LVDT

LVDT (LVDTRawData , smthn) := | TimeLVDT « submatrix (LVDTRawData , 0 , rows (LVDTRawData) —1,0,0) s

LVDT1 «+ medsmooth (submatrix (LVDTRawData ,0,rows (LVDTRawData) -1,1, 1) mm, smthn)
LVDT?2 «— medsmooth (submatrix (LVDTRawData ,0,rows (LVDTRawData) -1,2, 2) mm , smthn)
for 2 € 0,1..rows (LVDTRawData) -1

k — (TimeLVDT - TimeLVDTU)

Ifac

q— —(LVDTI_ - LVDTIO) +1.3-Nscale °°

sclfac
mv<——(LVDTZ—LVDT2O)-1.3-Nscale 0.0

sclfac
n «— 7(TimeLVDT> - TimeLVDTD) .CmpRate - Nscale  °*°

augment (k ,q,m, n)

LVDTRawData:= READEXCEL (“.\Nav—3P3B20D.xlsx”, “Sheet1 (2)!A2:C910”)

(0) (3)
TimeLVDT := LVDT (LVDT RawData,, 11) LVDTC :=LVDT (LVDTRawData,11)
(1) 2
LVDTL:=LVDT (LVDTRawData,11) LVDTR:=LVDT (LVDTRawData,11)
i‘ ) S==0( 180 270 360 150 540 630 720 810 900 990 "

LVDTC (mm)

: LVDTL (mm)
-eas \ LVDTR (mm)
—71.5¢+

TimeLVDT (s)

Fig J 9. LVDT displacements time history for pile group 2P3S3B20
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Data Conversi

Function for determining the tiltin
Tilt (SpacingDCDLR , SpacingDLDR) :=

Appendix J

on and Processing Sheet for NIO3 series of Centrifuge Tests on 2P3S3B20 Helix Pile Group

g of the plate

sclfac

0,0

k — (SpacingDCDLR) - mm - Nescale

sclfac
q— (SpacingDLDR) «mm - Nscale 0.0
for 7 € 0,1..rows (LVDTRawData) -1
(LVDT C — LVDT. R)

m <«
i

k
(LVDTC — LVDTL )

n <«
i

Kk
(LVDTR» — LVDTL )
! —

q

Rot4P3S52B0:=augment (medsmooth (Tilt (7.1 , 7.8)(0) , 99) ,medsmooth <Tilt (7.1 , 7.8)(1) , 99) ,medsmooth (Tilt (7. 1, 7.8)(2) , 99))

RotaP352B0"

4

0.06+

0.045+

0.03+

0.015+

augment (m ,n, l)

Rot4P352B0MY Rot4P352B0%

—0.015+

0.03+

—0.045+

—0.06+

—0.075+

9

) 180 270 360 150 540 30 720 810 900 990

TimeLVDT (s)

Fig J 10. LVDT rotations time history for pile group 2P3S3B20
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Appendix K

Ultimate Capacity and Installation Torque: Helical Piles in Sand

Pile Code: P3 Double Helix
Properties of the Helical Pile:

Scale factor, N:=20 Number of Helices, n:=2 _'i;—“—
Length of the Pile, L:=N-271.8 mm=5.436 m o
Diameter of the shaft, d:=N-12.7 mm=0.254 m i
Diameter of the helix, D:=N-:38.1 mm=0.762 m E
Embedment depth of pile, E:=N-:169.1 mm=3.382 m 4,
Depth to bottom helix, Hj:=N+150 mm=3 m
Perimeter of the Helical Pile Shaft, P :=7-D=2.394 m = E
Effective Shaft Length, H,gp:=(H,—D)=2.238 m e
Pitch of the helix, ~ P:=N+12.7 mm=0.254 m A,
Average Helix Diameter, D, :=D o 83=2.5D
Net area of the helix, Ayi=7 L 0.405 m?

. 4 n
Net area of the top helix, A,:=A4,=0.405m’ i B v
Spacing between two helices, S3:=2.5-D=1.905 m ¥ Y ¥
Depth to pile helix,  H:=H,=3 m o 5
Pile section lengthin ~ AL:=3 m Ratio, “f —2.937 P3
the soil layer, D,

Thickness of the Helix, t:=N-1.25 mm=0.025 m
Pile Spacing, S:=0m
Depth to top helix, H;:=H,—53=1.095m

Properties of the Sand: kN
Effective Unit Weight of Soil, ~":=20 —  Peak Friction Angle, (©pcq =38 deg

m &] Perko (2009)
™/=1.881

. . . . 0.08+ [%m,,.
Coefficient of lateral earth pressure in compression loading, K,:=0.09-¢

Meyerhof (1951);Meyerhof and Adams (1968); ]
Dimensionless Bearing Capacity factor, n,=e" " (). tan 1’8'0 .[45 + ; =48.933

3 N, := (Ng—1) - tan (1.4 + peq) = 64.074 N,/ =45
0= (Z . (ppeak) =28.5 deg N, :=2+ (Ng+1) - tan (Qpeq) = 78.024

3

(H|fD1}r:1

1 1 1 1 Soil friction angle, ¢ (deg)
5w s e 6 s Variation of m with soil
Soil friction angle, ¢ (deg) T
Variation of (H/D)cri with soil friction angle (Das et al 1990) t;r;;%()m angle (Das et al
Critical ratio from Graph 1, Critical :=4 Values of m from Graph 2, ml1:=0.75

Das and Seeley (1975)

H H
Breakout Factor, Fo=1+ (2 . (1 +ml- (DLff)) . Deff <K, tan (@peqr) | =28.655

a

a


Acer
Textbox
Appendix K


1.05 R = {2.255 — 0.0426¢) for 45° = ¢ = 30° with15° =2 2 0° and D = 500 mm

1.0 for ¢ < 30°and y = 0°
L Elsherbiny et al (2013) -
-
K, 085 R:=if 45 deg > Ppoq > 30 deg =0.636
/ 180
2.255 — (0.0426 * Ppeak 7J
0.90 ™
else if @peqr < 30 deg
|1
0.85
25 30 35 40 45 50

Soil friction angle, ¢ (deg) Hoyt and Clemence (1989)

Variation of k with friction angle .
m

Estimation of Ultimate Compression Capacity
Mitsch and Clemence (1985)
Ultimate Compression Capacity,
O 1 ' 2 2 1 ’ 2 ’
ch = (J’ 'Hb'Ab'Nq> + E'H'D'y * (Hb _Ht > 'Ks'tan <¢peak> + E'I)S'K_\Jy - tan <(0peak> 'Heﬁ + (Y 'Ht'At'Nq>
Q.1 =2075.32 kN

Das (1990)

For Shallow Piles

Quaa= (7 Hy+Ay-Fp) + %-ﬂ-D-'y’-(Hbz —th)-Ks-tan(tppeak)J+<7’-Ht-At-Fq):(1.226-103) kN
For Deep Piles

1 . . 1 .
Qe = (7 Hy+ Ay Fp) + ?-ﬂ’-D-'y’-<H,,z —th>-K3-tan<<pM)]+(;-PS-KS-’y'-tan@ppmk)-Heffz +(7’-Ht-At-Fq>:(1.402-103)kN

H . . .
Qo =1l if D—e” > Critical Ultimate Compression Capacity,
I ¢ Q.o =1402.08 kN
” Qc2a
H
else if — < Critical
a
H Qc2b

Adams and Khym (1972)
Q.= (y'+Hy+A,-N,) +(%-RV-K¢-y'-tan (#pear) -Heffz)—i-(y'-H,-A,-Nq): (1.801-10) kN

Chance (1993)
Q.= (y'"HyAy*N) + (y'-H;A,+N,) = (1.625-10° ) kN

Stephenson (1997)

1
Q5= <y'-H,,-A,,-N,,)+(E-y'-D-A,,-NJ, +

%-PsoKs-y'-Heﬁ-z)+<y’-H,-A,-Nq> +(%-y'-D-A,-Ny): (2.246+10°) kN

Nasr (2004)
Qc6a = <7"Hb°Ab°Nq> + (%'”'D°y'° (Hb2 _Ht2> 'Ks'tan <¢peak)) + (y,'Ht°Ab°Nq>



H

Q= if = 55
¢ Ultimate Compression Capacity,

“Not Applicable”
H Q.6 =1899.07 kN
else if ./ <5
a
“ QcGa

CFEM (2006) oy=7"-E

0.,:= <y'-H,,-A,,-Nq)+(%-y'-D-AboNy +(m-d-L-c",-K,-tan (3)) + (y'+ H,» 4, N,) +

L.yv.D.At.Ny):Bzo.lz kN
2

Perko (2009)
Q5= (N, —1)+2:D+y" Ay+ (N, '~ 1)-2+D+y'+4,=(1.09-10°) kN

Elsherbiny et al (2013)
Qc9:: <y,°Hb'Ab'Nq.R> + <EH.y'.Hb'Ab.Nq.R> + (%'E&"Ks"?"tan <¢Peak> 'HEff2) d= <147 ° 103) kN

+(y'«H;+A;N,-R) + (Ey+y'-H,;- A, N, R)

Elkasabgy et al (201 %
Qero = (7' Hy Ay Ny) +| -+ Po Ky 7'+ tan (@pek) -Heff2)+<7'-Ht-At-Nq)=(1.8-103) kN

George et al (2017)

Q1= (0.5+7 - Hy Ay tan (8)) + (0.7« Hy- Ay Ng) + (0.274 -4/« D+ A3 -N,,)) I =
+(0.5-7'«Hy Ay tan (8)) + (0.7« Hy» Ay Ng) + (0.274 -4« D Ay N,,))

Latvian building code LBN 214-03

Quiz= (7 +Hy+ Ay-Ny) +(%-D-7’-A,,-N7)+<7’-Ht-At-Nq) +(é-D-'y’-At-Ny)=<2.02-103> kN

(1.41.10°) kN

2.075 - 10%
Hoyt and Clemence (1989) Z: 1.402 - 10° 1
o _ 1.801-10% 2
ch3 — kT'T—535.54 kN g:i 1.625 . 10% 3
Qs 2.246 - 10° ;
Qs 1.899 - 10°% 6
Data = Qur |= 2.32.10° |[kN z:=1..13= 7
Qe 1.087 - 10 8
Qoo 1.468 - 10 9
Qe10 1.801 - 10° itl)
Qe 1.41-10% 12
Q12 2.02-10% :
o :=Stdev (Data)=494.696 kN

A
2.5.10%
2.3.10%
2.1.10%
1.9:10°
1.7.10°
1.5.10°
1.3.10° Data (kN)
1.1.10%
900
700
500




Installation Torque Ap;i=A,=0.405 m®

Ghaly and Hanna (1991) LN D;:=D=0.762 m
Total Unit wt of soil v:=20 — @ = Ppeqr, = 38 deg p:=P=254 mm
m

Coefficient of Passive Earth Pressure K, = M =4.204  6:= 3. ¢=28.5 deg

(1 —sin (¢)) 4
Helix angle of the helical shaped screw unit 1:=atan (ﬁ) =6.057 deg

Ty
Modified Coefficient of Passive Earth Pressure K ’p =0.3-K,=1.261 =0.106
TTe;

Coefficient of Active Earth Pressure K, := (1=sin(9)) =0.238 t=25 mm

(1 +sin (qS))
Coefficient of Friction between the anchor's shaft and the s01l K= tan =0. 543
Lateral Force acting on the helix F:=0.5.y-H,-K,-p-(1m+(p))+0.5-v-H, 1 m+(p)) =54.83 kN
Resisting Moment on Shaft, T;:=0.5-7+ (Hy)* - cos (8) - K Kpemed- (I((f) 5.488 kN “m

Resisting Moment on Helix Shaft Diameter,
Ty:=0.5-7+ (Hp)” -sin(8) K- tan (6 +p) 7-d - (2) 3.78 kNm
Resisting Moment on Helix Diameter, D

T3:=0.5-7+ (Hp)” -sin () - K'p+ tan (5 + ) 7 - D; - (T’] 4=49.744 kN-m

+0.5:7+ (H,)? -sin(¢) - K’y tan (6 +¢) 7+ D;- (l;')

Resisting Moment at Upper Side of Heli
Tyi=7- (Hy) Ko+ Ap-tan (5 +1) -
Resisting Moment at Lower Side of Heli
Ty:=7+ (Hy) K+ Ap; - tan (8 +1)
Resisting Moment Bearing Force Entire eé ht 2
Tg:=F- [’T) =3.482 kN-m

(D;+d)
4
(D;+d)

)+7. (H,) KA, tan (8 +1) - ( <D’:d> ) =1.382 kN-m

(D;+d)
4

)—i—’y-(Ht) K,-A;-tan (6 +1) ( ):24.415 kN-m

Resisting Moment acting on outer perimeter of Heljx Thickness D
Ty:=v-Hy-K,-K;- <ﬂ-.Di) E i t+y-H;-K,-K;- <7T'Di) . (ﬁ) +t=4.262 kN-m

0]

Installation Torque T 1=T+Ty+T3+Ty+T5+Tc+T;= (9.26 -10* ) Nem
Tsuha and Aoki (2010)
Relationship Between Uplift Capacity and Installation Torque for Deep Helical Piles in Sand

9 (D?—d
d, ::—-%: 0.55m @:=atan (L) =8.358 deg

3 (Di —d ) (- de) A=Ay =0.405 m?
o'y=7+E=67.64 kPa Dpj=Hy=3 m
g,:=0",-K,-tan(8)=69.098 kPa F,=28.655

Qs=m+d-L-q;=299.729 kN Qp:=(Ay-v-Hy-F)+(A;»y-H;-Fy)=951.316 kN

(Q,-d) N (Qp+d, - tan (6 +96))

T 2:=
2 2

=(2.343-10°) N-m



Sakr (2015)

Developed theoretical torque model using installation records collected from different sites

Dhl::Ht Dhj’::Ht tJ:t lej3:7,'Hb:60 kPa

Torsional Moment on Pile Shaft d?
Ty:=0",+ Dy, - cos(8) K,-Kgem- 1

=7.528 kN +m

Torsional Moment Component of the Helices

2

Tyj:=0"y;+ (Dpj—Dyy) +sin () < K tan (§ +4p) 7 - ‘i =8.001 kN -m
2

T3j::0"vj-<Dhj—Dhj>-sin(5)-K -tan(5+¢)-7r- =72.011 kN -m

) >
Ty;=0"y;-K,-tan(é =1.097 kN -m
T5j::0',vj K tan (5+’(/) < > =19.377 kN-m

o)
Tgj:=0"y;K,-p-tan(d)-m- 5~ =45.652 kN -m

D;?
Tyji=0"yjKyet; Koo 2’ >:3.123 kN -m
(D;+d)

=(D;—d)+Ny-t;- 0’y =9.471 kN -m

Installation Torque
T_3:=T+ ((Tgj+T3;+Tyj+Ts;+Tgj+Trj+Ts;)) =166.26 kN-m

Mean Torque
Wri=mean (T_l , T 2 ,T_3) =164.373 kN -m

ModelScale ::'u—i?:: 20.547 N-m

N



